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1 The attention that eleetricitj noiw commands, by its intimate nJationa 

^ with tlie other phyhicul sciences uud by the important objects to which 
[" it ia aj)plieU, makes it particularly desirable that the student of natural 
•| philosophy should have the means of attaining^ in a compendious form, a 
knowledge of the progress of electiie science to the present day, and of 
comprehending its yaried phenomena^ and the appUcationa of which it has 
been found capable. With thia object in Tiew, the author baa endcayonied 
to aet forth clearly, yet oonciaely^ the prominent points in the history of 
electricity, and to notice and explain all those phenomena which indicate 
any special attribute of that peculiar force. 

In attempting to comprise all that is impoi taiit to be known of the 
history, the phenomena, and the applications of electricity within a single 
Yolnme^ there is considerable risk of producing a mere chronological record 
and an explanatofy catalogue rather than an interesting treatise^ When, 
indeed, it is considend that Priestley's Mialory ijf £helrieity ocenpies a 
thick quarto yolnme— though written before the meet important sonroes 
of electric force had been revealed by Gslyani and Yolta, by CEisted, See- 
beck, Faraday, and Armstrong — it might be supposed that a history which 
includes those discoveries, and is contained within forty pages, must be • 
only a barren sketch. To afford space for circumstantial illustration and 
explanatory remarks, attention has been concentrated on the character ibtic 
facts, by the adoption of which course it is hoped that the historical notice 
of the adyanoement of electric science will be found interesting as well as 
instructiye^ 

As a mere statement of effects would have proved unsatis&ctory wjf h- - 
out an explanation of the causes that produce them, such explanations 

have been given as appeared to the author to afford the clearest insight 
into the nature of electrical action. Though the Fraukiiniau theoxy of 
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the ezeitemeiit of frictional eleetrioily hw been generallj adopted, becaose 
it IB file most simple, and Yoltaic action haa been attributed to ehemieal 

agency, theoretical discussions have been avoided as much as possible, 
lest tlicy might tend to obscure rather than to throw light uu the causes 
of electrical j)heiionicna. In some few instances views have been taken of 
the action of electric force different from those commonly entertained ; but 
in such cases the reasons for the departure from reeeiyed opinions haye 
be^ fully stated. 

The author is not aware that the many varied inyentions for the appli- 
cation of electric power to the uses of man have been previously described 
collectiyely. In noticing them, prominence has been given to those objects 

that are of the greatest importance ; it liaving been considered sufficient 
in appliances of less conset^uence merely to indicate the mode of operation^ 
and to explain the principles of their action. 

By dividing the consideration of electric science into its history, phe- 
nomena and applications^ some repetitions have almost unavoidably oe- 
cuned, in order to make each part complete in itself. It is conceived, 
however, that the advantages attending such an arrangement^ by affording 
a clearer conception of each bnmch of the buIJl^ t, more than counter- 
balance the inconvezuence of occasionally going, for a short distance, over 
the same ground. 
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CHAPTEB I. 

JElnk diMOTery of electric attraction — Dr. Gilbert's additions to known electiiet— Oui- 
ous &IIac!es of early electncianf! — Invention of the electrical machine — Discovery itf 
electric light and repulsion — Identity of electricity and lightning suggested — Dis- 
tinction between conducting and non-conducting bodies discovered — The two kinda 
of electiidty diacoverad bj Da Pay— ^parlcB ftom the hunMui Ixidy — ^Iin|noTemento> 
in el«etiioal madiuiei— ^nitiitg poww of the deetric flpaik— Tha Lejdtn jar— 
Extraordinary alaim at the dectric shock — Exaggemted descriptions of its edfocfa— 
Electrical batteries — Dangerous shocks given with them — CondoeUlig flower of the 
earth ascertained — Dr. Franklin's theory of electricity. 

Thsbs requires no deep nsearch in the pages of antiquity to trace the rise 

and progress of the science of electricity. It sprang into being in com- 
paratively recent times ; and after tlie tirst halting- stag^es of its existence 
were surmounted, it advanced from infancy to manhood with the rapidity 
d its own lightning spark; and though not yet arrived at maturity, it has 
attained a degree of importance scarcely to be equalled by mj of the phy- 
sical sciences. 

Some of the ordinary phenomena of electricity, indeed, attracted ob* 
servation from the earliest periods. Not to mention lightning and its 
accompanying thunder, tlie excitement of sparks by the rubbing of furs 
must have been noticed, and wondered at, by the nomad tribes who first 
inhabited the earth. The earliest recorded observation of electrical phe- 
]umiena» however, oooors 600 years bdTore the Chzistian era. About that 
time« it is stated that Thales of Miletus, one of the seven sages of Greece, 
remarked that amber, when rubbed, attracted light bodies to its surface. 
This seems to have been the extent of his ob'-ervn.tions ; but the fact af- 
forded ample matter for speculation. He conceived that amber must 
possess some iuiiercut living principle, called into action by friction, and 
that when thns excited it emitted an invinble efflnviiiin, constantly return- 
ing to itself and bringing hack with it those substances wMeh were not 
too heavy to resist its adhesive force. The next recorded notice of dec- 

B 
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tric&l atiractiou is given by Theophrastos, 300 years afterwards. He 
remarked that the crystal called by him lyncurium, supposed to be 
toumiaHiiy attracted lig^ bodies to its snr&ee. 

• The shock given by the torpedo is mentioned by Pliny ; but that phe- 
nomenon was not, until the middle o£ the last century, ima^ned to have 
any connection with the attractive ])roperties of amber and tourmalin. 
Some very remarkable facts are also mtntiuiietl by Eustathius, who lived 
in the fifth century of the Christiau era. He states that a freedman of 
Tiberius was cured of the gout by the shock of the torpedo j the first 
known instance of the application of electricity to medical purposes, and, 
if authentic, much more successful than its application in modem timeSt 
Eustathius furtber relates, that Wolimer, king of the Goths, was able to 
emit sparks iroin his body ; and that a certain philosophy, whilst dress- 
ing and undressing, emitted flashes of light. 

There is a void of nearly 1200 years ere we find any other distinct 
notice of electrical phenomena. The subject must, howeTCfi have attracted 
attention; for at the begmning of the scTcnteenth century a book by Dr. 
Qilbert was published^ entitld Be Magnete, in which many other sub- 
stances besides amber and tourmalin are mentioned as having the property 
of attnu'tinf^ light bodies when rubbed; but as amber was the substance 
first noticed to possess that property, its Greek term eUdron had pre- 
cedence in giving a name to the infant science of electricity. 

When we consider that previously to the announcement of Dr. OU- 
berfc*8 discoveries, the only known electrics were amber, tonrmslia, and jet, 
the accessions he made to the number must be regarded as an important 
first step in the progress of electricity. He added at least twenty to the 
list of electrics, including most of the precious stones, glass, sulphur, 
sealing-wax, and resin ; and he determined th^it those substances, when 
rubbed under iuvuuruble circuuistauces, attract not only light floating 
bodies^ but all solid matters whatever, includmg metals, water, and o£ 
Bm observed also thai the conditions most fimnnrable to tiie exdtenMnl; 
of the attractive power are, a dry state of the atmosphere, and a brisk and 
light friction ; whilst moist air and a southerly wind he found to be most 
prejudiciRl to the production of electrical rffrrt'=;. 

The de(lu<-tions of Dr. Gilbert from his txpcrimciits t in many in- 
stances curiously fallacious. In pointing out, iur instance, the distinction 
between magnetic and electric attraction, he affirmed that tiiough magn^ic 
bodies nudied together mutually, it was only the excited deoferie that 
eserted any power on the bodies attracted ; and he noticed as a spedal 
distinction between magnetism and electricity, that tibe fonnflr TQpelled as 
well as attracted, whilst the latter only attracted. 

After the discoveries and iiivestigntioiis of this father of electric 
science, there was a lapse of about sixty years with scarcely any progress. 
Mr. Boyle is the next person whose inyestigationB are worth menitiMi. 
Though he repeated and confirmed former experiments, and demoted waemh 
time to the subject, he did little more than add some few to the number 
of electrics. This philosopher has, indeed, the reputation of being the first 
who discerned the electric lisrht ; biithi^i ?iotife of it w«« 9-0 indisthict that 
he can scarcely be said to be the discoverer oi the luminous property *>£ 
electricity. 

Mr. Bo^*8lih60i7 of electrioalatiraotioiiivM simikur4» llnfcstfllMkij 
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wkliout, however, attempting to assign a cause for the active principle. 
He cunceived that the excited electric emitted a glutinous effiuvjiw wmdi 
hoA hM of '0BmI1 hodam m its progress, and on its Tetam to ihe «l«dirie 
•(Mmed ilkeiii ivith it Thu theory was advocated by other electricians at 
the time, and experimentBlwe iBade, «d ase reeorded in the PkUoeophi- 
col Transaatwm, wluflh Were considefed to prove the emiasioa of glutoMMHi 
particles. 

The most important advances in the science at this time were made 
by Otto Guericke, burgomaster of Madgeburgh, the inventor of tSie MP- 
yamp, yrho was eo&temporarj with Mr. Boyle. 

The appcntuB wHh whkh eieotricians had experimoited till neaor the 

end of the seventeenth oentniy was of the most simple kind. A rod or 
flat surface of glass, resin, or sulphnr, rubbed ^v'lt\\ the hand or with a 
piece of woollen, was their best means of exciting electricity ; it may 
therefore be supposed that the quantity at any time nnder observation 
waa ver^- small. Otto Ouvnckt coiibtiiict^ti tud Srst electrical machine. 
Xb ooBBiflted of a Bolphur globe, 'whirled roimd on an tssaa, irhiht he il^ 
in hand to it to senre as » nibber. Sulphur, it may he remarked, mm a 
favourite electric with early experimeuters, as it was imagined that eSee^ 
tricity was emitted ^\^th the sulphurous efflu\ium produced by the fric- 
tion. In tlie construction of M. Otto Gucricke's electrical machine, for 
example, he cast the sulphur in a glass glohe, and then broke the glass — 
which would have served the purpose better — in order to expose the sul- 
I^Hir to the action of Ae TiftDb^. With this machine, rude as It woo. 
Otto Gkieridke esdted mnch givater qiianttties of electricity than had 
previously been produced ; and he was thus enabled not only to aae 
-flashes of light, but to hear tho snapping noise of the electric spark. 

It may seem extraordinary that the most commonly observed pheno- 
menon of electricity had not been before noticed as a property pertaining 
to electrical bodies. It should be borne in mind, however, tiiat furs and 

.'wlks, from the frietion of which ifptaka aie so frequent^ emitted, had net 
heen dassed ae electrics, and Ihe onll^ property of electricily then known 
^was tibat of attraction. It was not likely, therefore, Ymtil the two pheno- 
mena of attraction and the emission of light were observed combined in 
tho «;nTTio substance, that the excitement of sparks by friction should be 
•considered due to electricit)'. 

On Otto Guerickc must also be conferred the honour of having disco- 
yered the property of electric repnlsion* He ascertamed that a featiier, 
when attracted to an excited electric, after adhering to it for a short time, 
la repelled from the surface, and that it will not again approach until it 
has touched some other body to whicli it can part with the electricity it 
contains. He ol)!^er^'ed, also, that a feather when thus repelled by an ex- 
cited electric, always keei)s the same side presented towards it. As there 
was a correspondence between this fact and the position of the moon 
towatda the earth, it was assomed that the reyolution of the moon round 
the earth might be caused hy electrical attraction and repulsion. 

The discoveries of fib Isaac Newton, shortly afterwards, dispelled this 
notion, and so far engagf^d the attention of scientific inquirers, that elec- 
tricity for a time remained in abeyance. Newton had, indeed, paid a 
passing attention to electrical pin nomeua, but the only ndHition made by 
him to the facts before collected was, that electric attraction and repulsion 
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penetrate through glass. He made known, for instanoe^ tbfti when a pki9 
of glad's is excited on one side, the other sido hIro becomes electrical. 

About the same time that Otto Guericke obtained deiisivc evidence of 
the luminous properties of electricity, the fact was maile more strikingly 
jnanifest hj A, Wall, who operated with a stick of amher of large dimen- 
mom. He used a piece of woollen doth for a mbber, and appears to have 
been remarkably successful in eliciting by that meana a greater amount 
of electricity than had been excited eren with the anlphiu^gbbe of Otto 

Guericke. 

1 he i'liHt idea of resemblance betweru electrical phenomena and thuuder 
and lightning was suggested to Dr. Wail by the apparently remote analogy 
of the craekfing aonni and sparks ; and the fact deserves to be recorded 
in hia own words : " Fkom the friction of the amber,** he observe^ " a pro- 
digious numbw of little cracklings were heard, and every one of these 
produced a little flash of light. And what to me is very surprising, upon 
its eruption it strikes the finger very sensibly, wheresoever applied, with a 
jjusli or a puff like wind. The crackling is full a.s loud as charcoal on fire; 
and live or six cracklings or more^ according to the quickness of placing 
the finger, have been produced from pne single friction, li^t always suc<- 
ceeding eadi of them. Tkit Ughl and craiMng temB «n Mma dig^ to 
Ttpremnt Sunder and Ugkiimng/* 

Little further progress was made for nearly forty years. During that 
interval, the nconnuilation of facts and improvements in the apparatus 
were slow and iur>igniticant. As yet, experimenters had worked without 
any system^ and without in the least coniprehcudiug the principles on which 
the effects, they produced depended. It was not until 1729--nearly 130 
years after the first book on the science had been published — ^that the 
^tinetion between conductors and non-conductors of electricity was dis- 
covered. This important fact was accidentally ascertained by Mr. Stephen 
Grey, whilst attemjiting to communicate electricity to a line suspended by 
threads. His first experiments were unsuccessful, because he snsj)cuded 
the line by threads that conducted the electricity fi'om it nearly us t^uickly 
as it entered. It was then suggested by Mr. Wheeler, who assisted at the 
eacperiment, that the cause of the escape of the electricity was the thickness 
of the packthread employed^ and he recommended that silken threads 
should be tried, bccatiso being much thinner, it was supposed the electric 
fluid would not be able to flow through it so readily. Accordingly the silk 
thread was tried, and with great success. 

So little, were the experimenters aware that the diftereuce in the effects 
was caused by the different conducting properties of the substances cm- 
ployed, and so impressed were they with the notion that success with 
the silk suspenders was entirely owing to thdr superior fineness, that they 
endeavoured to obtain still better results by suspending the line on very 
fine icircs. The total failure of the experiment in this case induced them 
at length to consider that there must be a difference in the conducting 
properties of the substances employed. 

The attention of electricians having been thus directed to this subject, 
light was gradually, though still feebly, thrown on the causes of success and 
fidlure in their experiments under different circumstances. Lists of con- 
ducting and of non-conducting substances were made, wlu n it \vns found 
that glassj resin, and all bodies known as electrics^ were bad conductors of 
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^ectricity, aud tliut those in which electricity could sot be excited were 
condoetoffB. In the oonductiiig and non-oondndang properties of these 
aalMtaiioes great difference waa soon detected; glass and resin being the 

worst, and metals tlie best conductors. 

Nearly contemporaneously with the discovery of the different conduct- 
ing properties of electrics and non-electrics was the annouix^ement that 
M. I)u Fay, intendant of the French king's gardens, had detected the 
existence of two distinct kinds of electricity. This, like all the other dig- 
ooveries hitherto madc^ originated from accidental dicomstanees. A piece 
of goM-leaf having been repelled from an excited gkus rod, M. Da Fay 
pursued it witii an excited rod of sealing-wax, expecting that the gold-leu 
would be equally repelled by that electric ; but he was astonished to see it, 
on the contrary, attracted to the wax. On rejieating the experimertt he 
found the same result invariably to follow : the gold-leaf when repelled 
from glass was attracted by resin j and when repelled from the latter 
ynB attracted by glass. Hence M. Dn Fay assumed that the electricitj 
ezcited by the two substances was of different kinds; and as one was pro- 
duced from glass, the other &om resin, he distinguished them by the 
names vitreous and resinous electricity. 

It is a curious fact tliat ]\r, Dn Fay, the discoverer of this important 
property of electricity, afterwards repudiated his own discovery, Subse- 
quent experiments and consideration induced him to depart from the truth 
he had developed, and to imagme that the effects obsenred arose entirely 
from difference in the degrees of force excited by different electrics ; the 
more powerful attraction of the one overcoming the feeble repulsion of the 
other. It is difficult to conceive how he could have thus retrogi-aded from 
the position he had established; for supposing the gold-leaf when repelled 
from the excited glass to have been attracted to the resin by superior 
electrical force, this superiority of force could not have yielded to the 
weaker attraction of the glass ; yet the mutual interchange of attractiye 
and repellent power must haye been frequently noticed. Other investi- 
gators, however, confirmed the fact he had discovered and thus singularly 
renounced ; and the original tenns "%ntreous" and ''resinous'* electricity 
continue to be retained by a niaiority of electricians. 

One of the experiments devised about this period, which excited great 
astonishment, and tended to direct the attention of philosophic inquirers 
to the subject of electridty, was the development of sparks from the 
human body. Hr. Qr^ suspended a boy horizontally with hair lines, and 
communicated dectridty to him by means of an excited glass tube, when 
sparks were then drawn from all parts of the boy's body. Tliis phe- 
nomenon, depending simply on the fact that the bodies of animals are 
conductors of electricity in conse^pience of the fluids they contain, was 
conceived to be owing, in some mysterious manner, to a connexion between 
the electric effluvium, as it was called, and the vital prindple. • M. Du Fay 
flospended himself in a similar manner for the purpose of experiencing the 
sensation, and the experiment soon afterwards became the most popular 
in the range of electrical jjhenomena, when the more convenient mode 
of insulation by standing on a cake of resin, or on a glass stool, was 
introduced. 

About the middle of the ISth century, the investi^tion of electrical 
phenomena was undertaken by several sdestific inquras in Qermaoy.^ 
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M. Boaa, Professor of Fhilosopliy at Wittembvg, mack considerable im- 
provement in the mode of exciting electricity, by the addition of metal 
condiictor«i to the revolving glass globes of liis machines. In the first 
instauce liis conductor was held liy a mnn. insulated by standing on a' 
cake of resin ; but he shortly afterwards adopted the more convenient 
wrtfcod of supporting the eMadaettHr by means of oik «onb; amA to 
litate the passage of tbo eleetadty ma tho ezoitod globes ho added tk 
naiete of linen strings to the conductor, wfaidi Mrved the purpose 
though very imperfectly, of the metal points subaequentiy used. M. Boze 
tmd other experimenters adopted the plan of increasing tbe qimntity of" 
ekctricity excited, by bringing several globes into action at tlu -^'.ime time, 
and concentrating their power in one conductor. With these instruments. 
tiMj an lepreiented to b»Te pvodueed effects whidi seam inoMdible iiitk 
sMh inqierfeot apparatne^ and tiie aeoonnta Boat be eenaMered to be 
greatly exaggerated. It is stated, for instanoo^ that by qwxka from tkaoe 
electrical machines blood was drawn from the finger; that they produced 
a sensible sbock extending from the head to the feet ; nnd that ihej were 
sufficiently jjowerful to kill small birds. Even with the impi o\ i il dectrieal 
apparatus of the present day, with the addition of metal poiuL.-i and aiaal- 
ymatied nibbers^ ai that time mkDown, nothing approaching these elBbttB' • 
eaa be prodnoed by llie largest mafhinea. 

Of the ezperimenta performed by the eontiiieBtal philoaophers at thi» 
period, none excited so much general interest as the setting on fire of in- 
flammable substances. This was first accomplished by Dr. T.rnlolph, of 
Berlin ; and the experiment was quickly repeated and improveil on in dif- 
ferent parts of Europe. The inflamnuktion of spirits of wine, of phos- 
"j^bana, and even of gunpowder, by an eleetrie spark emitted from ike. 
iSnger of a person iasolated by standing on lesin, waa considered so bmt 
traordinaiy, that it not only drew the attention of more men of science' 
to this branch of natural philosophy, but the exhibition of these and other 
electrical wonders became a very popular public entertainment. 

Quickly following the development of tin iLi nitiug powei*s of the electric 
spaik was Liie discovery of the Leyden phial, the most astonishing of any 
of dectrical phenomena then made knomi, and iriueh opensd an entirely 
jtm idd for adentifie inyestigatoL - 

For die bonour of bcong the oij^^al &ooferer of the Leyden phial 
there were several claimants ; as is generally the case with important dig- 
Coveries and invetitions. It is commonly attribnted to M. Cunen** of 
Leyden, at the beginning of the year 1740, ami \yn>, like all antecedent 
discoveries, the effect of accident, so far, at least, as he was concerned. 
TA occonred to him whilst repeating a wett-devfaad exponment of Fire&sior 
MnncbenbriMk for eoUeeiing and confining the " eleetrie efBuvinm.** Xh*- 
professor eonoeiTed, if he cooki impart electricity to a conducting snbstance 
eatirdy snrromided by non-conductors, that it would be thereby prevented 
from ht'm<r disfdpated, and the force mi'jlit be concentrated. The most 
convenient form of trying the experiment appeared to l)e to electrify 
water contained in a glass bottle, connection with the conductor of the 
machine bemg estabUshed by an iron mdl passung (ihrongh the eoik in«> 
the water. Ae experiment, however, was not attended with any results 
tftPlmlessor MusdienlupQBdc. The object he contempbted was, indeed, 
MBsnflished, but tiie acommlation of deetridty in the phial was not 
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t4ttd» H 9iM ooMtiMed. H. CoamM^ m repeating the expMMu—^ 
kiplMBed to gnsp tilt boMle with his han^ yAkh thM serred iof 1k» 

reqmsite (inducting surface outside the glass, and when with the other 

hand he endeavoured to diacTif^np^c the nail from the conductor of the 
niacliine, he was startled by receiving a smart shock through Iha anus. 
Proieiiiiur Mugehenbrceck then renewed the experiment^ with tJie advantage 

fimmti Willi «k« Leydaii pknl» wd for a oonndenAle tim lAarwwd^ Hm 

^ttle was always grasped hf tli« haoA, tbe mm at itai piodndiiy' tht 

effisct not being understood. 

Though M. Cuneus acquired the reputation of being the discoverer of 
the Leyden phial, the claim of M. V^on Kleifit, dean of the Cathedral of 
Camin, to be the iirfit discoverer, rests on strong ground. It m stated 

liba 4iih NMudbtr, 1745. TOa tmmni, wmmnmM to <h» Aarig^ 

of Berlin, and ente^red among their pi^ceedings, is to tibe foBimilg eSbet 3 

" When a nail or a piece of thick brass wire is put into a small apothe- 
cary's phial and electrified, remarkable oflTocts follow ; Ymt tho phial must 
be very dry <>v warm. I commonly nili it over beforehaiid witli a linger 
on which 1 put uome pounded ciiaik. li a little mercury, or a few drops 
of spirit of wn* bo put into tlio fixpmumi mweaodi iStm Iwtta; Jm 
■ooB at tiiio plnal and nail are icmoved from the ebet rifj r ing f^mm, cat the 
]inait oondnctor to whieh H h$» been exposed is taken awagr, it tfafowi 
oiit a pencil of flame so strong, that with this burning instrument in my 
hand I have taken above sixty steps in walking about my room. When 
it is electrified strongly, 1 can take it into another rouni, and there fire 
spirits of wine with it. If, whilst it is electriiyiug, 1 put my hnger, or a 
(Meoof goldwlddilliddiB myliand, totlie n«3yIxooiiToaahookiidiiali 
fllomi my arms and ahonlden. A tin toba^ or o man, flaood uponeleetnd% 
19 electrified much more strongly by this means than in the common way. 
When I present this pbial nnd nail to a tin tube which I have, fifteen feet 
long, riothinjT but experience can make a person belie^'c how jstTtnigly it is 
electrified. Two thin glasRes have been brokf n by the shock, it appears 
to me very ex^uordiuary that when this phial and nail arc in contact with 
ftthcr oendnoting or non-eondnoting matter, the atrong sboek doeo nat 
follow. I have cemented it to wood, glaas, sealing-wax, metal, dec, whidi 
I have electrified without any great eSbet^ The human body, therefore, 
roust eontribiite something to it. This opinion is confirmed by observing 
that unless I hold the phial in mj hand, X cannot fixe iq^irita of wine 
with it** 

The foregoing account of H. Yon Kleist s experiments clearly shews 
that he h«d stanSiled on tiie eame diseoirevj m M. Chmemif and iftte dato 
is previoiia to the experiment of the latter. It appears^ however, t^uvt 
the dean wai aet aware of the full importmee of gmiping the bottle 
during the experiment, and his description was po vague, that several 
philosophers to whom he commuuicated the discovery were onaucoeasftii 
in their attempts to repeat the experiments. 

The physiological ^ects of the Leyden phial were those that naturally 
fated mort attettlieii im tiie int inilHiee ; and the neeoimto given bjr 
aonw of tbtf eaiijr eoipeeiiMBlnn of the lenrMtiai of die doetm ahMfc 
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cxhilnft ourioos Qhutntions of tlie exaggeration camed tiie tenor of 
ihui novel agitatiou of the nervous system. The small and inefficient ap- 
paratus experimented with could have produced only \ery feeble shocks, 
yet the effects are represented to have been little less than thof^e of a flash 
of lightning. These e>:a„:;geratious are the more remarkable, win^ii it is 
borne iu mind that they proceeded from eminent philosophers accustomed 
calmly to myestigate physical phenomena. M. MuMdienbraek, for exam- 
ple, says in a letter to M. Reaumur, that he felt himself stroek In his arms, 
shouldcie, and breast, so that he lost his breath, and was two days before 
he recovered from the effects of the blow and the terror. He adds, that 
he " would not taico nnother shock for the whole kingdom of France." 

M. Allaiuuiiil, a fellow-professor with M. ^Muschenbrceck, and who 
assisted in the experiments which led to the discovery, stated that he loi^t 
his breath for some moments alter taking the first shoek ; and that he felt 
so intense a pain along his right arm, that he appiehended serions conse- 
quences from it. Another distinguished electiieian, Professor Winckler 
of Leipslc, said that the first time he tried the experiment his body was 
greatly convulsed, and that it ]nit his blood into such violent agitation 
that he was apprehensive of an ardent fever, and Avas obliged to take re- 
frigerating medicines. He also felt great heaviness in his head, as if a 
stone were laid upon ii On two other occasions he said the shock made 
his nose bleed, to -which he had not been preyioiislj disposed. 

The astonishing effects of the electric shock were calcalated to draw 
public nttention to the subject of electricity more than any previous dis- 
covery. Every one waR atixions to see the effects and to experience the 
new sensation, notwithstanding the terrible accounts given of it. Travel- 
ling showmen with their Leyden phiais and elecuicui machines were to 
be seen in all parts of Europe, who found profitable employment in exhi- 
biting that and other striking electrical phenomena. Nor were philoso- 
phers idle in the new field of inquiry which this discovery opened to their 
investigation. The properties of the Leyden phial were closely examined ; 
the conditions requisite to the development of the phenomena were better 
understood ; and many ingenious, tliongh fallacious, tliouiies were devised 
for their explanation. The construction of the apparatus was improved 
by the addition of an outside metallic coating, and jars were substituted 
for bottles, by which means a metallic lining could be applied also to the 
inside of the glass. 

Mjiuy interesting experiments exemplified still more strongly the 
poweiful and rapid action of eleotricity. The shock was communicated 
at the same instant through one hundred and oighty of the French guards, 
in the presence of the King of France, by joiumg their hands in a con- 
nected chain; the soldier at one end touching the outside of the jar, and 
tiie man at the other end toudiing the wire connected with the inside 
Cf^ting. 

By combining several jars together to form an electrienl battery, the 
force was greatly accumulated ; so as to set fire to all kinds of inflamma- 
ble substances, to melt fine wires and gold and silver leaf, and to kiU 
small animals. 

Though the feeble sho<^ of the small phials employed in the early 
stages of the diaeoveiy created sucli a state of nervous apprehensioi^ 
and produced, as we are told, such distresong effects^ yet within • 
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few yeam of that period we find eleetridaiiB reoeiviiig sIiocIei of leally 
formidable power with remarkable stoicism, and giving similar chaiges 
to others, in a manner that would now be considered higbly dangerous. 

Dr. Franklin, the American philo«oplier. for instance, experimented with 
glass jars containing six gallons each ; and whilst trying the destructive 
power of the electric shock on some fowls, he inadvertently received the 
foU charge of two of these very large jars through his arms and body. 
The effects, ae he deaeribesywere ''ettfficiently severe jret the daring pM- 
loflopher merely mentions them as shewing that a man can bear without 
much detriment a shock greater than he had imagined. He said that on 
receiving the shociv, it seemed like a universal blow throiic:h the body 
from head to foot, and was followed by a violent quick trembling in the 
trunk, which went off gradually iu a few seconds. It was some minutes 
before he conld ooHeot his thoughts so as to know what was the matter ; 
for he did not see the flash, though his eye was on the spot of the prime- 
4ioiidactor, from whence it struck the back of his hand ; nor did he hear 
the crack, though the bystanders said it was a loud one ; nor did he 
particularly feel the stroke on his hand, though it raised a small swelling 
there. His amis and the back of his neck felt somewhat numbcl iha 
remainder of the evening, and his breast was sore for a week after, an if it 
had been hmised. 

Meetrieians of the present day would not venture to rq>eat such an 
experiment as the following, of which an account is given by Franklin in 
a letter dated Philadelphia, 1755. " The knocking down of six men was 
peifonned with two of my large jars, not fully charged. T laid one end 
of my discharging-rod upon the head of the first ; he laid his liaud on the 
head of the second ; the second hiti hand on the licud of the third, and so 
to the last, who hdd in his hand the chain that was oonneeted with the 
outside of the jars. When they were thus placed, I a|^ed the other end 
of my rod to the prime conductor, and they all dropped together. When 
they got up, they all declared tlicy had not felt any stroke, and wondered 
how they came to fall ; nor did any of them either hear the crack or see 
the light of it. You suppose it a dangerous experiment; but I had once 
suffered the same myself, receiving by accident an equal stroke tibrongh 
my head that stmdk me down without hurting me; and I had seen a 
• . young woman that was about to be electrified throu^ the feet (for some 
indisposition) receive a greater charge tiirough the head by inadvertently 
stooping forward to look at the placing of her feet, till her forehead (as 
she was very tall) came too near my prime conductor : she dropped, but 
instantly got up again, complaining of nothing. A person so struck sinks 
down doubled, or folded together as it were, the joints losing their strength 
and stiffness at onee, so that he drops on the spot where he stood instantiy, 
and thore is no previous staggering, nor does he ever fall lengthwise* 
Too great a charge mighty indeed, kill a man, but I have not yet seen any 
one hurt by it. It would certainly, as you observe, be the easiest of all 
deaths." 

With the powerful batteries employed by Fnmklin he also succeeded 
in eommunioating magnetism to steel needks. This had, indeed^ been 
pareviously done by ethers, but not in so saiisfiMstoiy a manner. 

Numerous experiments were undert^en by Dr. Watson, Lord C. Cb- 
Tendishy and other gentlemen associated with theniy for the purpose of 
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aMertainiDg the rapidity of the deelm dMkufffif and tike diitaiieei? H 
could be trnn^mitted through and dry cT'onnd. In one of the8« 

experinieutB, jK rformed in 1747, an electric discharc'e wag wnt across the 
Thames ; aud in auuther, near Shooter's Hill, the discharge passed inst^- 
taneoualy through two miles of wire and two miles of drj ground withoiit 
any perceptible mtemptiaiL 

These experiments dflMrve special notiee at the present day, as thtf 
established the £Mtl cf the eendnetiiig property of the earth, which hmbm 
turned to such <»ood account in the construction of electric telet^mphs; 
Another fact also intimately bearing on the same subject vrnn nscertained 
by Signor Beccaria, viz. that water is an imperfect or a goad conductor of 
eleetricity in proportion to its quantity. This condnsiou was drawn fnm 
expengaeoMB in MBdiag eleetrio dieebairgei tiviiiigiL tabes of different mam 
ilbd with wat« ; whtik H was found that a charge wMch peaeed f w w i y 
iJtemig^ tbe laigtr was bfaatencted by the smtdlcr tid>es. 

Numerous speculfitions broached to account for the phenomena 

of the Leyden phial, but tiie nalui r of its action was very imperfectly un- 
derstood until Dr. i ranklin imdertook the investigation. It had, indeed, 
iMen daseovered tiiat a jar could not be charged whilst it was insulatecl 
from the earth > \kA tiua cirewtneliamwy whu& affimded a chn to tiie cloe^ 
daftion of the phenomena of the Leyden phial, remained a barren ImI 
until it attracted Franklin's observation. He was the first to discover 
* that the electricity on the outside of tbe jar is of a different kind fron> 
that within ; and that in charging a jar, a quantity of electricity is ex- 
pelled from one side of the glass equal to that introduced on the other. 
Henee tiie neceasil^ of supplying a passage to the electricity outside \]f 
eanneeting it with a condneting aobataiiee^ which had hitherto reoMuned 
inaoeounted for. Accordiuor to Franklin's view of the condition of a 
charged Leyden phial, the inside when charged from excited glass is filled 
with what had been termed vitreous electricity, and the outside is equally 
charged with electricity of the opposite kind. These electricities haviug a 
strong mutual attraction, and being kept asunder only by the resistance 
e&ned by the non-coadneting glass and surroonding air, instantly naib 
together when the oppoote auHbeae are hroaght m ooBneadon, producing 
all the phiBomena of the Leaden phia], and kaviog the gkaa in ite ofi* 
giooal neutral condition. 

Franklin also proved more satisfactorily than had previoTi«ly bern done^ 
tha,t tli< rl( ctric charge is in the glass, and not in the metallic eoatirii^s <(f 
the jar, which serve merely to conduct, and to eooeentrate to one point, 
tiie elflctncity spread over the surfetce of the glass. To illiiBtrato wa tet; 
mmA condw^^y; he eontiived a jar with kioae metaUie eoatuigi, thaiO 
could be removed and changed for olhera after the jar mm eharged ; and 
this change being efiecfced, the amonat of eleetrieity was fiaumd to hm 
aearcely diminished. 

The simple and beautiful theory of Franklin for explaining the nctiore 
of the Leyden jar is one of the most important contributions of that phi^ 
iompfaer to the science of electricity. Amplifying and improvise the 
^nmm ^ had prerioaBly been taken hj Dr. Wafem^ he conedfed Ihaft 
the Motion of and of other electrica does not generate electricity^ 
but tlttt it causes a distarbance of the quantity of the electric Huid pre- 
emating; pvodndng thenibj in soma bodica an eKcesa and in. others a 
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deficiency. The terms poaiUve and n^^o^toe were introduced to designate 
tiliM iteies of repletzon and wwii; and thcte tenns ha'W been genenffjr 
adapted m this country in speaking of tha two kkids of diectricily. a 
wSl be observed, thaiafon^ that it formed an nweinlial part of this theory 

to consider the plienomena of electricity as produced entirely by the dis- 
turbance of the e([uilibrium of the same ethereal fluid, the particles of 
which were mutually repulsive. On this principle was explained the 
efieet of bodies similarly electrified repelling each other, and the attraction 
af the opposite dectricitiefl waa attrUncted to the force eiarted in attempt" 
ing to restore the equilibrium. 

The application of this theofj to explain the action of the Leyden jar 
presents a perfectly satisfactory view of the phenomena. When^ for ex- 
ample, tlio wire connected with the interior coating is brought near the 
conductor of on electrical machine, an effort is made to part with a porUoa 
of ita exeeni of the eleetrio fluid to the jar ; but the latter canBoi reoafe 
an additiea to ita nainl quantity inside until an equal quantity of tiiat 
on the outside is expelled by means of aoaae conducting body connected 
with tiie earth. The inside thus becomes positively electrified and the 
outside nccrrttiA'ely, and in equal degrees. The re^iisf-nTice offered to the 
passac;^ of the ( U i ti ic fluid by the uncovered portion of the glaas and by 
the surrounding aur, prevents the two electricities from coalescing until 
-Aa metalWo surlacfla of Hie jar axe hcoi^j^ aafidently near, by meana of 
eo im aet ing oondiietov% to enable the attraetive powera of the oppoote 
dectricities to overoome the interposed resistance. 

Tlie Frauklinian theory of electricity is not without difficulties, espe- 
cially in thp explfination of repulsion from bodies electrified negatively ; 
and tlie philosophers on the continent have adopted the \itreou8 aud 
resinous theory of Du Fay. But the great simplicity of ^Franklin's hypo- 
thana, and its aooordanea with thoae weeriaa whidi hac?e been eatabliabed 
aa afading the moat aatiafactory explanation of phenom e na in other de- 
partments of aeience nearly related to ela^ricity, have enabled it to main- 
tain its ^ound in tin's country; and from the time of the announcement 
of I'ranklin's theory much cleai^r notiona of the priiMdples of electrical 
action were generally entertained. 



CHAPTBB IL 

The identity of lightning and electricity pointed out by Franklin — Electncity drawir 
frora the clouds in France — Franklin's electrical kite — Li>rhtning-conductors in- 
vented — Dangerous expeiunentt with iightning — Death ol' I'rofeaeor Richtuann-^ 
Btocvta*t cxptilnMnl* on ateeipherie dectddty— Electokd indntiOB taavsrad 
13m tlMdrr oT vitaaan wd nmamm eleebidly WfM— MeaMmmoit of eMir 
ft a m Invent inns of the toiiion balance aid of theeheliephowia Plugwerof di^ 
< Mwj tD thd ttd of the ajghtaenth eestiuy. 

Wm now approaflb aaother important epooh in the- hiatorf of aketneityy 
in which I^. IVanUin's powera of philosophical leaearch and hia lieitOilgr 
of inventiou are eminently compieaonft 

The flaahing lights aud tiie am^ing nmae of the electric wptA, had 
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Induoed mme of the earliest electricians to imagine a similarity between 
those maaifestations of electricity and the phenomena of thunder and 

tightniiiir. We have previously quoted the remarkable words of Dr. 
"Wall, alluding to tliis probable identity, at a time when the known facts 
were so few as to have made the analosfv seem merely fanciful. The fur- 
ther development of electrical force, especially after the discovery of the 
Leyden phial, enabled experimenters to imitate on a small scale many of 
the destractiTO effects of lightning. 

The observ ations of the AbS Nollet bear so close a relation to the 
truth, that they deser\''e to be recorded, as indications how well prepared 
philosophers at that time were for the subsequent discovery of Franklin. 
In his Le^m de rJiysiquc the Abbe says : " If any one should take upon 
him to prove from a well-connected comparison of phenomena, that thim- 
der is in the hands of nature what electricity is in ours, that the wonders 
which we now exhibit at our pleasure are minor imitations of those great 
effects which frighten us, and that the whole depends upon the same me- 
chanism ; if it is to be demoustrated that a cloud prepared by the action 
of the winds, by heat, by a mixture of exhalations, &c., is opposite to a 
terrestrial object ; that this is the electrified body, and at a certain proxi- 
mity from that which is not, — I avow that this idea, if it was well sup- 
ported, would give me a great deal of pleasure ; and in support of it how 
many specious reasons present themselves to a man who is well acquainted 
with electricity ! The universality of the electric matter, the readiness of 
its action, its inflammability, and its activity in giving fire to other bodies, 
its property of sti-ikinq^ bodies externally and internally even to their 
smallest parts, the remarkable example we have of this eftect in the ex- 
periment of Leyden, the idea which we might truly adopt in supposing 
a greater degree of electric power, &c. ; all these points or analogy wbicu 
I have been sbmetime meditating, begin to make me believe that one 
might, by taking electricity for the model, form to one's self in relation 
to thunder and lightning more perfect and more probable ideas than have 
been hitherto oft'ered." 

No one, however, had devised a means of ascertaining the identity of 
lightning and electricity until Franklin pointed out the way of drawing 
electricity from the clouds ; nor would he probably have thought of the 
means of doing so but for the results of an unsuccessful experiment under* 
taken by his friend Mr. Hopkinson. That gentleman electrified an iron 
bull with a needle fixed to it, expecting to draw a stronger spark from 
the point, as from a kind of focus ; but he was greatly surprised to find 
that, instead of increasing the intensity of the electricity, the point dissi- 
pated it altogether. He mentioned the failure of the experiment to Dr. 
I^ranklin, who immediately undertook to inyestigate the cause, and to de* 
termine the influence of points in attracting electricity. In repeating the 
experiment, he ascertained not only that the ball oould not be electrified 
when a needle was fastened to it, but that whni flip noodle was removed and 
the ball was charged with electricity, the charge was silently and speedily 
withdrawn when a point connected with the earth was presented to it. 

From this effect of points on electrified bodies. Franklin inferred that 
lightning might also be drawn silently and safely from the clouds by a 
metallic point fixed at a great elevation, and he awaited with considerable 
anxiety we completion of a spire at Philadelphia to enable him to try the 
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expeniiMnt. In the mesntime lie puUidied ih» roniltB of Us disooTeries^ 
and ieeoinmen4ed that where opportunities oeconed the trial ehonld ha 
made. 

In a letter to Dr. Lining of Charlestown, containing answers to several 
questions. Dr. Franklin has given the followiog account of the on'cfin of 
the \<1ra that led to the gmnd discovery. "Your question, how 1 came 
iii-iit to think of proposing the experiment of drawing down the lightning 
in order to ascertain its sameness with the electric fluid, I cannot hetCar 
answer than hy giving you an extract from the minutes I need to keep of 
the ezperim^ts I inade, with memorandoms of sach as I purposed to 
make, the reasons for making them, and the observations that arose upon 
them, from which minutes my letters were afterwards drawn. By this 
extract you will see that the thought was not so much an * out-of-the-way 
one,' but that it might have occurred to an electrician. 'Nov. 7, I't-VJ. 
Electric fluid agrees with lightning in these particulars : 1. giving light ; 
2. colour of the light ; 3. crooked direction ; 4. swift motion ; 5. being 
conducted by metsJs ; 6. crack or noise in exploding ; 7. subsisting in 
water or ice ; 8. rending bodies it pas<;es tlirough ; 9. destroying ani- 
mals ; 10. melting metals ; 11. firing intiammaUe substances; 12. sul- 
phureous smell. The electric fluid is attracted by points. We do not 
know whether this property is in lightning, but since they ^ree in all the 
particulars in which we can* abready compare them, is it not probable they 
agree likewise in this I Let the exj)eriment be made.' 

Acting on this suggestion, M. Dalibard and M. Delor erected apparatus 
for the purpose of collecting!: ('Icotricity from the clouds ; the former at 
Marly la Ville, about six leagues from Paris, the latter at his residence 
situated on high ground in Paris itself. M. Daiibard's apparatus consisted 
of an iron pointed rod forty feet long, the lower end of which was inserted 
in a sentry-box protected from rain, and on the outside it was fastened 
to three wooden posts by silk cords also defended from the rain. It was 
this rod that first attracted electricity from the clouds at a time when, 
unfortunately, Dalibard was not present to witness the realisation of 
his hopes. He was absent from Marly at the time, and had left the ap- 
paratus in charge of a joiner named Coither. On the 10th of May, 17t>2, 
between two and' three o'clock in the afternoon, a sudden dap of thunder 
made Coiffier hurry to his po8t> and, according to the instructions given 
him, he presented a phial furnished with, a brass wire to the rod, and im- 
mediately saw a bright spark accompanied hy a loud snapping noise. 
After having taken another spark stronger than the first, he called in the 
neighbours, and sent for the Cure. The latter mn to the spot with all 
speed, and his parishioners seeing him running, followed at his heels, ex- 
pecting that Odffier had been lalled by lightning ; nor were tiiey pre- 
vented fit>m hsstenittg to the spot, notwithstanding a violent hail-stotm. 
The Cur6 was equally successful in drawing sparks from the iron rod, and 
instantly despatchf^I an account of the important event to Dalibard. 
The Cure stated tluifc the sparks were of a blue colour, an inch and a half 
long, and Bnielt bUongly of sulphur. He drew sparks at leasi six times 
in about four minutes, and in the course of these experiments he received 
a shock in the arm extending above the elbow, whitii he said left a maik 
such as might have been made by a blow with the wire on the naked skin* 

Eij^t days after the identity oi lightning and dectridfy had been 
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ptmtA Marly, AeiiadOTBotodliyM. I>dor, ivUfh iv«b oinely-iiiiie iMt 
higk, yielded electric spwks ; and the wane pbenomenon mm afterwiBtdi 
exhibited to the French king and to nombeni of the nobility. 

Tn the meantime, Dr. Franklin remained at Philadelphia unconscious 
of tiic success which had attended the adoption in Fmiice of his snggestion 
for drawing lightning from the clouds. Becoming impatient to verify his 
opinion of the identity oflightoing and electricity, it occurred to him tliat 
be might e rt ablieh «& ekotrical eoimectioii Iwfeiraen » tinmder-cloiid ead 
Ae e«rt|i by means <>f a boy's kite, without iraitiiig for tiie eon^efioft of 
the spire. Acc(»rdingly, on the fint pramlflmg occasion, wludi occurred 
in June 1752, a month after the success at Marly, ho nnflf^rtnok the 
experiment. Afraid of being laughed at should the expedient fail, he 
took his son with him to make it appear that he was merely going for the 
boy's gratification, io assiit in flying the kite. The apparatus consisted 
of a Bilk fawidkercliief attecAied at l&e eonien to two laths pbeed eroBB 
wise. The Idte tinis constructed was able to bear a shower of rain witiioiit 
being injured, and a pointed wire was fixed to it for the attraction of eleo> 
trici^, but there was not any conducting substance in the strings whicJi 
eonsisted of common packthread. 

Having raised the kite in the air, he looked anxiously for the result, as 
moe timnder-oLoiids passed over it, but for some tune without any sign of 
eleotnaty. At length, m he was about despairing of BaoeesB, be peroei^ 
gome fibres of the hempen string to stand erect and to avoid one another, 
just as they would have done if electrified. He then presented his knuckle 
tr» n key att^iched to the string, and to his unutterable delight received a 
spark. Other sparks bucceeded, eveu whilst the string >vns dry, and con- 
sequently a very imperfect conductor ; and when the rain had vetted the 
Btnng, he diew forth spatkB very copiously, with which he chsiged a lin- 
den jar. It must be observed that the key was insalaited by a sflk string 
to prevent tbib electricity from passing through the packthread to the 
esrth. 

Dr. Franklin afterwards erected an iron rod on the top of his own 
residence, having found tlie influence of points to extend farther than he 
had at first imagined, and one end of the rod being conveyed into his 
study, he was able at his cimTenience to perform with lightning all tiie 
experisieatB of artificiaBy-exdted eiectridty. That his attention might 
be drawn to the apparatus whenever lightning was attiaeted, he attadied 
a Bet of bells to the rod, which by the attraction of their clappers gave the 
signal. Sometimes these bells rang so violently as to be heard ail over 
the houBe. 

The application made by Fraukliu of his great discovery to the |)ro- 
tMtion of buildings from lightning, was the first pfactieal benefit denied 
from die sdenoe of deetricity. He ioforred, as points are so efficacious in 
attracting li^tning, that a pointed metallic rod attached to the side of a 
house, rising some height above it and descending to the earth, would draw 
off the electricity of a passing thunder-cloud silently, and thus prevent a 
sudden discharge ; or if a flash of lightning should strike the rod, that the 
electric fluid would be conducted safely through the metal to the ground. 
He oonseqaently Teoommended the attachment of sneh protecting rods to 
all exposed bmldings, and to the masts of ships. ExpeiisDce has proved 
the oosrectMss of his inforenoe, and the taioe of the snggcBtiott. The 
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fLtai has been eztensirelj adopted, and has been the means of piuieiAiiig 
flvny bniUBng nd U idudi flBck cendnetote hm been properly 

Electricians in all parte of tiie world were anzious to repeat the expe- 
riment of drawing eleotricit}'^ from the clouds, and many of them reccired 
injuries and liad narrow escapes from being killed, in coiiscqucTKr of the 
hazardous manner in which they performed their experiments. No one 
succeeded in drawing down sneh large continuons toiMba of «lMb[ie fin 
M IL do BomM of STcrac^ who employed tea tlecirical iofee, m the obing 
of wluch ft tluD wire was inserted to serve «■ m better conductor than the 
hempen string alone. The kite he used was seven feet high and three feet 
wide, and a tin tube connected with the wire-string was sustained at a 
shoTt distance from the ground by means of a silk ribbon, which served, 
when the kite was elevated^ to insulate the wire from the operator. In 
osqierimeiifiDg witii tMs lite, wbea fdied to a bc^t of 600 feet^ m Av- 
gnst 1756, <iie itreains of fire umdiig from tibe tei tobe were one iaA 
tbkk, and ten feet long ; nd on one occasion a loud explosion was heard 
and a flash of lightning paaeed from the tin tube to the earth, making a 
small hole in the gronnd. At Riieh times, when the f1<iw of electricity was 
very abundant, M. de Roinas rxperienced the Kamc suiisation over his face 
as is produced when near the prime conductor uf an excited electrical ma- 
«liine^ wluoh indaoed lum to retreat aad^BeeoiitiBiie the experimentB, firoiiL 
the dread of reoeinng « ahodk. Ei^perienee had taught Mm caution ; for 
wben be first ifttaed bis kite, and wmkt taking hold of the wire-string, he 
was struck severely. M. Mormier, a member of the Academy of Sciences, 
and M. Bertier of Montmoretiry, -were both knocked down by flashes of 
lightning, whilst t^akiug sparkis Irom their apparatus; and numerous other 
persons were mure or less injured. 

A firtal wsnung of the deiu;er of ezperimenta wiA lightning wae 
given by the death of Profeaeor fiebmaim oi St. FeterBburgh, on the 26lh 
of August 1753. fie had constructed an instrument which be called tat 
electrical gnomon, to measure the strcDj^h of electricity, and was observing 
the effect of a thunder-cloud on this instrument, accompanied by M. Solo- 
kow, an engraver. Professor Bichmann was standing with his head in- 
clined towards the gnomon, when M. Solokow, who was close to him, 
obeerred, as be expteMed it, ''a globe of blue fire as large as bis fist,** 
imet from the rod of the gnomon towards the Frofessor'B bead, which was 
about a foot distant. This flash caused the iustantaneoos death of the 
Profe8=!or. and M. Solokow was so much stunned that he corild give no 
particular account of th*' t trai ts upon hinist lf. He said thet there arose a 
sort of steam or vapour winch entirely benumbed iiim, and made him 
«lidE down upon the ground, so that he eould not even hear the accompany- 
ing clap of tfaimdcr, which ms very load. The efibcts of Ibe Hgtrtmng 
were very apparent in the room ; the door-case was i^t throng^ and 
the door torn ofi* its hinges and thrown down. 

On examining Professor Richmann's body, a red spot was observed on 
the forehead, from which some drops of blood issued throiigli the jiores, 
though the skin was not broken. The shoe of the left foot was bureit open, 
and a Une nark was fouid on tiiat part of the foot; from wbidi appear- 
jBoes it mm anmied that the KgbtiiiDg entered fhe head and pwsed 
thioQi^ihebodly tothefiNt OAe bed^ liMlf exUbited serenlTedad 
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blue spots. With the exception of thf left ^hoc, the dress wf\9 uninjured. 
When the body was opened, twenty-four lumrs after deatii, the cranium 
was without injury, and the brain perfectly sound ; but the transparent 
pellicles of the windpipe were excessively tender, gave way, and were 
eanly rent. There wm lome eztrsTaaaited blood in tne cavities below the 
lungs; and the throat,, the gUmds, and the thin entraila were all inflamed. 
The body so rapidly decomposed, that two days after death it could with 
di£Sculty be got into the coffin. 

The physiological offe(!t of lightning is exactly the same as that of a 
shock from a Leydeu jar or electrical battery. The author of this work is 
able to speak from personal experience on this matter, though the shock 
reoeiTod by him was too slight to produce any disagreeable consequences. 
Borii^ a severe thmidtt^tMin, accompanied by torrents of rain, he was 
endeavouring to prevent the overflow of a cistern by stopping up the con- 
duit-pipe, when an electric shock passed through the right arm, from the 
wrist that was pressing against the pipe to the elbow that rested on the 
cistem. The effect was very startling, and induced him to make a quick 
retreat. A loud clap of thunder immediately followed, indicating that a 
powerful fladi of lightning had struck the house ; but seyeral metal pipes 
conducted it safely to the ground, and it was so divided by passing through 
those oonductors that but a very small portion of the discharge could 
liave passed through the imperfect connexion formed by the niithor*s arm. 

One of the first objects of scientific experiments on lightning was to 
determine whether the electricity from the clouds was positive or negative. 
Franklin found, during all his experiments in the spring of 1753, that the 
lightning-rod ^chibited in every case signs of negative electricity; he 
therefore concluded, somewhat too hastily, that the clouds are always ne- 
gatively electrified, and that during thunder-storms it is the earth that 
strike" into the clouds, and not the clouds into the earth. In a subsequent 
experiment, however, he fouutl the electricity positive. The observations 
of other electricians serve to shew that the electrical condition of the 
douds frequently varies from negative to positive, and tliat these dianges 
sometimes occur during the course of the same storm. 

The pointed rod with tbe acc(Hnpanying apparatus to detect when a 
thunder-cloud was passing, were soon found to indicate the presence of 
electricity, not only when there was no thunder-storm, but when the 
atmosphere was perfectly clear. Signer Beccaria, especially, made search- 
ing investigations into the subject, and deteiiuiued the close connection 
between electridty and all meteorological pb^omena ; nor has mudhi been 
done in elucidating this mysterious connection since tiie researches of that 
distinguislied philosopher. 

The discovery of the identity of lightning and electricity may be con- 
sidered as the culminating-point in the liistory of electricity during the 
last century. No very striking discoveries resulted from the researches 
of the many electricians who were engaged in investigating the new field 
opened to their reseazdies | neverthJess numerous interesting ihcts were 
made known, and considerable lig^t was thrown on the laws that goTcm 
tbe actions of the electric fluid. 

The discovery by Mr. Canton of the property of electrical induction, 
thougli not of a character to produce any marked impression at the time, 
has proved of the utmost consequence in explaining the phenomena of 
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^eebicity. Iii the eariier jeartf of the scienoe an obscure noHon was 
entertained of the inflaenoe of excited dectriGs in bodies at a distance 

from them ; but nothing was actually known of this influence until Mr. 
Canton proved, by numerous experiments, that an excited electric always 
induces in other bodies within the sphere of. its influence an electrical 
cuudition of a kind dijOfercnt from that itself possesses. Mr. Canton found 
Ibftt when he brought an insulated oonduo^ng body near to an excited 
electric, it became deetrified bo long as it lemained there, and that if the 
electric were positive, that part of the conducting body nearest to it wonld 
be negatively electrical, and the more distant part positively. This sym- 
pathetic state of electricity, he ascertained, continued only whilst in the 
vicinity of t)\o excited electric, and that on removing the insulated con- 
ducting body, it returned to its natural state. If, however, whilst uuder 
I3ie electrical influence^ the part farthest from the electrie was touched by 
a oonduetor, so as to enable it to throw off the electricity repelled to that 
•«nd, the body remained in an electrical state after the excited electric was 
removed. These remarkable phenomena were ascribed by Mr. Canton, 
and also by Dr. Franklin, who verified the exjicriments, to the presence of 
electrical atmospheres round all bodies, which atmospheres were supposed 
to be mutually repellent. 

M. ^pinns and Mr. Wilcke^ who experimented together with a Tiew 
io elucidate the cause of the indnctiye property of eledridty, wwe led to 
infer that tlic i ppelllng property exerted at a distance by excited electrics 
would enable them to charge a space of air included between two con- 
ducting plates, in the same manner as a plate of glass is charged when 
coated on both sides with tin-foil. The experiment answered their expec- 
tations, and succeeded at a distance of several inches between two insu- 
lated metal discs supported horizontally. When a discharging-rod was 
connected with the npper and lower plates, a lond disdiaige, like that of a 
Xieyden jar^ instantly took place. 

It may be observed that the property of induction might havj been 
■deduced from the action of the Leyden jar, as explained by Franklin ; but 
until the experiments of Mr. Canton it could not have been inferred that 
the presence of positive electricity, which on one side of a plate of glass 
induces a negative state on the other, wonld also operate at a distance In 
^mmunicating negative electricity through the non-conducting air. 

Mr. Canton also advanced the progress of electrical science by ascer' 
taining that the kind (jf electricity excited by the friction of any given 
substance may be changed i'roni j)ositive to negative, or the reverse, by 
ttsing different rubbers, or by altering the surfaces of the electrics. Glass 
is less susceptible of these changes than other electrics, but its generally 
positive state may be converted into negative by emplo3dng the back of a 
«at fox the rubber, or by roughening the surface. To Mr. Canton is also 
doe die merit of introducing the application of a metallic amalgam to the 
rubber, to increase the facility of exciting electricity. 

The opinion which had hitherto been generally entertained, that elec- 
trical phenomena depended on the presence of one electric fluid, the equi- 
Ubrium of which was disturbed by friction, was very ably disputed by Mr. 
Symmors in a communication to the Koyal Society in the year 1759* 
He adduced several experiments which he considered eonld only be pro* 
periy explained on the siqypoiition of the ezistenoe of two electric fluids^ 
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aoi iiuhed indtpcadfnt, Imi, on the Qtm^nsij, ahraTi oo-existent and 
tounteracting cncli oth^. This tbeorf dosely resembled that of Da Fay^ 

and liis teniis of vitreous and re>(ino!is electricity -were adopted by Mr» 
Synimers, though Dii Fay conceivpc], in opposition to all observed elec- 
trical facts, that the two electridtieB were independent of each oth^, and 
were never combined. 

The reviTal of the theozy of vitreou and rmmm cileetricity by Mr. 
Sjmmen deeerrestobe notiMd in a histoty of the edenee, from the 
eumstAnce that, though it did not receive much attention at ihetime»i1> 
lias been the foundation of the opinion now 'jTnerully entertained by elec- 
tricians on the continent, where the theory ui two distinct electric tluids 
has iu a great nieanure sujjplunted the more simple pltis and minus theory 
of Franklin. A very impartial review of the experiments of Mr. Sym- 
meriy and of the inforenoes founded on them, is giipen by Dr. Frieetiey,*^ 
who, though an advocate of the Fraoklinian theory, admitted that all ti^e 
phenomena of electricity might be equally well explained by the suppo> 
sition of the existeiice of two distinct fluids as of only one. and that as 
regards repulsion, the explanation was even more satisfu'tory. Dr. Priest- 
ley, however, adhered to the sini^le fluid as the more .siniple theory, and 
as presenting closer analogy to what is known of the operations of nature. . 

M. JSpiniu and the Hon. Henrj* CayendlBh brouj^t mathematical ed- 
«nee to beer on the phenomena of eleetricity, and determined aome of the 
lawB 'that govern its attraetiire and repellent forces. Theae researdhe* 
were pursued still more successfully by M. Coulomb in 1785 with the aid 
of the electrometer he invented, called the torsion-balance, for measuring- 
the force of electrical attraction and repulsion. In that iustmment a 
61ament of silk or spun glass serves to suspend horizontally a fine needle 
of aheUae, with a small gilt pii^ ball fixed at one end. When the baU m 
Bepelled by the exeited deotoic whose force is to be detennined, the sus- 
pending filament receives a twist from the mutual repulsion of the pith 
ball an«l the ball of the electrified conducting body. The two balls thus 
mutually repelled are forced together by means of a screw to wliieli the 
filament of glass is attached, and the degree ot torsion or twist produced, 
in the filament by forcing the two balls together is measured by an indeis. 
The delieaey of the instrument is so great that a force not exoeeding the 
20f000,000th part of a grain may be indicated. With this sensitiTe indi-* 
Cator of eketrical fofces, Coulomb deduced the following important laws 
as governing the elcctnV flinVI : — that bodies electrified by similar elec- 
tricities rei>cl each other with a force that diminishes in the same propor- 
tion as the square of the distance between them is increased ; and that the 
mutual attraction or repulsion of two electrified bodies is directly propoz^ 
tional to the quantity of eleetridty on the other, and diyersely propoimMl 
to the square of the distance between them. Coulomb ascertained that' 
electrified bodies, when insulated, gradually lose their electricity by the 
conduction of th(! surrounding atmos[ihere, which is never free from 
moisture, and by the imperfect insulation afibrded even by the best elec- 
trics. . He also determined, in a more decided manner than hu<l previously 
\mn done, that electricity is accumulated on the suriaoes of condnetfall^ 
bodies only, and aeyer penetrates the inlarier. 

• BUatyefSleeliMily,]^S47. 
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" A few years t)efore the invention of the torsion-balance, the electro- 
phoruB of M. Volta had been added to the apparatus of the electncian. 
This iiista:iiment is principally valuable as exemplif) ing in a remarkably 
ibrikiiig maimer the action of induced electricity. When an inendatM' 
metal plate is brought into contact with a cake of resin, or with any otiher 
flat electric surface when excited, the insulated plate is immediately ren- 
dered electrif-al : but not, as mij^lit "ho ciipposed, by electricity communicated 
directly from the resin, but by induction. The two sides of the metal 
disc become in opposite states of electricity ; that one nearest to the elec- 
tric being of the contwy kind to that of the electric itself. Supposing a 
oakc of resin to be employed, the metal sut&oe in contact with it is posi- 
tivdy electrified, and the other side negatively. If when thus in contact 
the finger, or any other conducting body, be brought near the plate, the 
negative electricity passes off in a spark, and the plate being then lifted 
up by tile insulating handle, it will be found to Jjc electrified positively ; 
and so strongly that spaiks uearij un inch long may be taken from it. 
In this manner, by a soecesnon of contacts, electricity may he developed 
sufficient to ehaige several Leyden jars without sensibly diminishing the 
electricily of the excited resin. 

The principal rpmaining incidents in the progress of electric science 
to the end of the i6tii century were the researches of Lavoisier, La Place, 
and others relative to electrical excitement by the evaporation of fluids, 
and by the solution of solids in acid menstrua. In every instance of sud- 
den change of state, and ofiapjd chemical action imder sach dreumstanes^ 
electricity was developed. These experiments by the French chemists 
Indicated the dose connexion between electriaty and chemical action, 
which subsequent investigations have proved to poBSCSS ft most important 
bearing on the development of electricity. 



CHAPTER in. 

DiBcovery of Galvanism, and the circumstances that led to it — Galvani's erroneoug 
• Botions of the exciting cause — Volta's investigations — luTention of the Voltaic pile 
—Commencemeiii of the adence of Voltaie electricity— Taxmus Toltuc 1jatterie»^ 
TheoiN <ii their action— > Inveetii^tioiis by Sir Humphciy Jkaj—- Decompoaltion 
of the alkalies and* earths— The experiments that led to the diaeovery founded on » 
. hoax — Prodigiotis Voltaic batteries constructed — Napoleon Bonaparte's experienea 
of their power — Uosuccewfiil application of Voltaic electricity bj Sir H. Davy. . . 

As the hat centni^ drew to its dose, a new era commenced in eleetanfl- 
science of far more importance to its devdopnient than any of the pre- 
ceding stages of advancement. The first glimmering of light in the new 

direction, as in most of the preceding discoveries, arose from fortuitous 
circumstances ; and it is worthy of notice that this discovery was founds 
on ignorance of the principle on which it depended. 

Galvani, an anatomical professor at Pavia, has the merit oi being the 
originator of that branch of electric science which was for many years 
temed ^dbanum. One aoooimt of the diaooYory rcproscnto that .his at- 
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tention wns first directed to the subject by his wife and a pupil, wlio bad 
observed the limb of a frog convulsed when touched hy a knife near to 
an deefcrioal machine. Maoamo Qalyani k made more conspumous in the 
' matter by the assertion that she was an inyafid, and that the presenee of 

the limbs of frogs in the dissecting-room was owing to her having ordered 
tlic frogs as a delicacy for her dinner. It is stated, however, by Galvani, 
in a work published nt Bologiia in 1791 for the Institute of Sciences,* that 
he was dissectintr a frog on a table whereon stood an electrical machine, " 
when the limbs suddenly became convulsed by one of his pupils touching 
the crural neire with a dlssecting-knife. This occurred at the instant 
a epaxk was taken from the conductor of the machine. The experiment 
was repeated several timeSy and it was found to answer in all cases when 
a metal conductor was connected with the nerve, but not otherwiae. Gal- 
vani, who entertained the opinion that muscular action is attributable to 
electricity, looked on th^ phenomenon as a confirmation of that opinion, 
and pursued the inquiry with great zeal. Having tried various experi- 
ments successfully with the electrical machine, the dectrophorus, and oliher 
Artificial means of exciting electricitj, he also tried the effect of atmo- 
spherical electricity. He attached the legs of frogs and of wann-blooded 
animals to a pointed conductor fixed at the top of the house, and ftnmd 
tliat they were violently convulsed by evprr flash of lightning, Similar 
effects, though not so strong, were also produced by atmospherical elec- 
tricity, when there was no thunder-storm. In the prosecution of these 
reseaiches he siu^ended some frogs, on metal hooks fixed in the spine^ 
from the iron raihng^ of his garden^ and observed the contractions in all 
states of the weaAer, when he connected the hook with the iron rails. 
He therefore supposed that the effect might be produced independently of 
the atmosphere ; and he found, on experimenting with a frog in his room, 
that whenever a metallic connection was made between the external muscle 
and the cmnd nerve, the limbs became conyulsed. As this effect was 
produced without any apparent external excitement of the electric fluid, 
GalTani inferred, in accordance with his preconceived hypothesis, that 
the muscular contraction was caused by animal electricity, that the muscle 
and the nerve were in the condition of the inside and the outside of a 
charged Leyden jar, and that the metallic connection merely served the 
same purpose as a discharging wire, by giving the two electricities the 
means of combining. 

It has been observed, ihat had Galvani been more accustomed to elec- 
trical experiments, he would hare paid no attention to the convulsion of 
the frog's Hmh, and would have considered it merely as the customary 
effect of electricity when passed through an animal condnrtor. The same 
fact had, indeed, been observed by others, and thus disregarded. But 
Galvani, impressed with his idea of muscular action being caused by ani- 
mal electricity, brought the fact piominently forward. The electriciana 
who had observed tiie same without regard, formed, indeed, more correct 
notions of the cause than Galvani, but by his endeavour to establidiail 
error, he was the means of elucidating a most important truth. 

In the meantime, the extraordinary physiological eflects produced by 
such insignificant means gave comitenance to Galvani's notion that they 

* AloyiiiQalvaiddefjdhwelfieiriGftatiiiinmotainiiscidadeoiB]^^ 
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were parodaced hj animal electricity, and pliyaiologists eagerly aeised hold 

of tbifl assicrned cause of vital energy, tlie, agency of the "nervous fluid" 
being relmtiuishcd for that of electruity. Volta, however, manfully com- 
bated the opiiiiun that tlie exciting cause reaided iu the animal fibres, and 
contended that the mui>cular contraetious produced when the muscle and 
the Jterre irere oonnected by a metaly arose frcm the contact of the metal 
itself, and waa entirely independent of animal eleotiicity. In support cf 
this opinion was adduced tiie peculiar sensation occasioned by the contact 
of a piece of silver -with, a piece of lead or zinc, when both are placed upon 
tiie tongue, a fact which had been noticed by M. L^ulzer in 17G2, without 
attracting much attention.* Volta conceived that hy combining a series 
of silver and zinc plates, he should be able to add to the electrical effect 
by increasing the number of metalUc contacts. He therefore piled up a 
series of plates, consisting of zinc and silver alternately, with interposed 
pieces of wet cloth, and obtained the expected accumulation of electrical 
force. 

The results of Volta's irnpnrfRnf experiments were announced in a 
letter to Sir Joseph Banks, which was read before the Royal Society on 
the 26th of June 1800. In that communication M. Volta stated that he 
had obtained some striking results firom electricity excited by the simple 
mutual contact of different kinds of metals, and even by the contact of 
other conductors different among themselves, whether liquid or containing 
some fluid to which they were indebted for their conducting properties. 
The principal results he stated were, the construction of an apparatus 
which resembles, in its power of producing electric shocks and other elec- 
trical phenomena, the Leyden jar, and still more closely electrical batteries 
when feebly charged ; which operate also without ceasing, and possess a 
perpetual impulsion.** This apparatus consisted of discs of silver and zinc, 
about one inch diameter, and small discs of card or parchment, moistened 
with water or ^vit li a solution of common salt. The metal disc^ were piled 
upon one auothei' alternately, and between every two was applied one of 
the moistened cards. With a series of twenty of these pairs of discs, he 
Stated that Oavallo's pith ball electrometer, aided by a condenser, was af* 
fected to the extent of firtmi 10 to 15 degrees ; that when wires connected 
with the upper and lower plates of the series were brought together, sparks 
were emitted; and that the apparatus would give a shock through the fin- 
gers. With a series of fifty psiirf?, the shock, he stated, became so powerful 
as to reach to the shoulders, mid wIicti passed through a single finger, the 
pain was too great to be bonie. \ ulta, it is probable, exaggerated the 
e^cts of this diminutive apjmratus, and he evidently mistook the paxtial 
oombustion of the metallic wires, on making contact, for the electric spark, 

* The following extract firam Bf. SulseriB mitiiigv maiks the fint dawn of this iia* 

, portant discovery 

** When two pieces of metal, one of lead and the other of silver, are ee joined toge- 
ther that their edges make one surface, a certain sensation will be produced on applying 
it to the tongue, which comes near to the taate of martial vitriol ; whereas each piece 
by itMlf betrajre not the ilighteit tnoe of that taate. It » not impiobable that, by a 
combination of the two riL tal?, a solution of either of them may have taken place, in 
consequence of which the dii»solved particles penetrate into the tongue; or we may con* 
jeeCnre that Hie comMnation of these metale occasions a tmnbling uotimi in their 
JMpective particles, which, exciting the nerve» cif the tongue, causes that peculiar aeniSr* 
tioB***— r^Ofy qfAfir£eabIe and Ditagreeable SetuatiotUf Berlin, 1762, 
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which en onlj be prodttced by » niieh Wcve nmiMroaii md pommM 
amngemeat than Voha employed. 

Yolta had been a long time in obtaining the results commnnicated in 
hi'' Ji'ifi'v to Sir Joseph Banks, and having experienced tlio iiiconvenie«(e 
of t\w pile, he contrired an arrangement called by him a couromv 
tcums, in which zinc and copper plates connected together by wires were 
immcarBed in different cnps eontaining a aolatien of oommon aalt A aeriea 
of theee enpa fonned a very effident battery, and he yns enabled, as he 
•aid, to prodaoe effects which, though considerably less active tliaii a bat- 
tery of Leyden jars, possessed nevertheless immense power. The close 
resemblance of the electricity evolved in this maiinor to that of tlie torpedo 
did not fail to strike A'olta, who accordingly called his apparatus the 
WQOiiiA eleclrii^ue at'lijicid. 

The diacoTeries of Yolta, though &r sinpasdng those of Gkdvani, were 
at firat 'conadered sabservient to the purpose of giying greater effect to 
the experiments of the latter. The increased muscular energy that oonld 
thus be given to the limbs of recently killed animals excited amazement 
and awe, and itinerant lecturers in all parts of the kingdom exhibited these 
wonders to collcctecl multitudes; nor were oliarlutans wanting, who by 
Ixicks of k'gervlemain gave a still more marvellous character to the really 
exteaordinary efibcts of this newly disoorered egent. The importance of 
the ezoitiiig power thus became merged in the emcts it produced. Because 
the battery of Volta was at first chiefly employed to illustrate thediscoveiy 
of Ualvani, it received the name of the "Galvanic battery," which it for a 
long time retained, and the new branch of science founded upon it was 
still nioro unjustly termed Galvanism. 

As tiiia new mode of exciting electricity wan announced iu 1800, we 
may date from the beginning of the present century the 
•f tbe science 4^ Toltaic electricity. In tibe early days of tins discovery it 
fras not determined whether to consider it as a modification of the electric 
fluid, or as a di.stinct agent excited by the contact of metals, though the 
researches of the most eminent electricians have since established the iden- 
tity of the two. 

The points of resemblance between the two electricities are, that both 
produce similar effects on the nerves that contract tiie musdes and occsr- 
sion the electric shock, which may be communicated through a graot num- 
ber of persons instantaneously ; that the same substances are conductors 

ant', non-conductoi-s of both kinds of electricity ; that both possess the 
power of iL^niting and heating ; thjit s])arks are emitted by the voltaic 
batter^' when <p*eat numbers of plates ;in nsod to increase the intensity of 
the force : that the phenomena of attructiuu and repulsion are common to 
both, and by both diemical decomposition can be effected. 

The diflferences between Toltaic and frietional dectridty connat in the 
continued duration of the effiscts of the former, and in the different states'^ 
of intensity in which they are evolved : voltaic electricity beinr; evolved 
in great quantity at a low degree of intensity, whilst the quantity of frie- 
tional electricity excited is comparatively very small, })ut at a higli degree 
of intensity. These different conditions iu which the electricities of the 
Toltaic pile and of the electrical machine are exdted, occasion a diffeienea 
in tiie phenomena of each. It was not, for examjde, an ea^ naltar 
make an aimngement with firictional electridfy for tiie ezhibitioa of die^ 
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•mM. deooniMttioBf nor ecraU «l60trie iqMvk Ite rMdily made to fora 
*Hwlf thmigfa even tiie smaUest space of tar firavi a voiUne balitay. Tb» 
«xperimeiite Dr. WoJltrtm, of ^ Hnmpbrey Davy, and more rooBrtiy 
'Of Dr. Faraday, have, bowever, removed all doubts respecting the power 
of fnctional electricity to effect chemicdi decomposition ; and Mr, Orosse, 
with a water battery of 2000 cells, has evolved voltaic electricity posBess- 
■ing sufficient tension to force it&cii in a rapid sucoesiiion of spariui tiu^ough 
-Mk nnll intervening space of aar. 

Kmaeroua aittampto wmwuvAb soon oft^tfae aimoiiBOcnaeiit of Yotfea'a 
4iM0Yeiy and iavendou to improve liio form oiwpfuxaknBj and theae «»- 
deavoiirs have been continued with more or less success to the present 
-day, tbougii the arrangement d, c(/>f ronne de tosses, modified and rendered 
more compact, is still that most Irequently adopted. The only mariied 
variations in the prindple of construction which require to be noticed in 
iifau part of our woric, wtn tlie inerease of tiie ^jnaittity of eleolaninty^ by 
^nkrging tlie noe of the plates, so ai to oommimioBte greater heoiting powr 
40 the battery, and the increaeed intensity produced by greatly adding to 
the nnmljer of combinations, as in the column of De Luc. The latter 
jtfranffement deserv^es notice also, from the circumstance that no moisture 
is apj)lied to produce the effects. This apparatus, as improve(i hy Zara- 
boni, consists of paper, on one side of which is pasted finely laminated 
xine, and the other is oovered trith powdered hbdc oidde of mangaaeia. 
The paper bo prepared is -out into dises abovt one inch in diametw, whieh 
are arranged over one another with the zinc sides placed in the same 
direction, and they are enclosed within a glass tube after having beoi 
pressed together. This instrument, when it consists of a pile of 10,000 
discs, exhibits a constant excitement of electricity of considerable intensity. 
It deffects the gold leaves of the electrometer, yields small sparks, chaiges 
• Iieyden jar, and attraota and repels light sabBtaneea in the manner of 
^asGited ghas tabe. Its action continues without intermiariim for monthly 
«Bd even for years. A pOe eonnstabg of 1000 prepared paper diaos may 
he arranged so as to keep a small pendulum vibrating between its oppo- 
site poles, and it thus ap^oaches more cl<»eiy than any other iuventioa 
4/0 perpetual motion.* 

In this instrument the paper is the substance interposed between eadi 
^pair of metaffie exeitera, and ihongh apparently dry, it oontama saffieianl 
neistare in all states of the atmosphere to act as a condnotor. 

The exdting cause of electricity in the voltaic battery was conceived 
by Volta to be the contact of dissimilar metals. The Uquid wherein the 
platef? fire immersed was regarded merely as the conductor of electricity 
troni one pair to another, and the advantage of employing saline solutions 
in preference to water was attributed to their superior conducting power# 
This theoiy iras quickly combated by Dr. WoUaston, ^vho aseribed the 
>ofe c t entiray to tiie chemical action of the solution on the zine. That 
epuuon was afterwards ably confirmed by Sir Huoqihrey Davy, who 
proved, by various experiments, that chemical action is essential to the 
excitement of voltaic electricity. He shewed, alao, that a voltaic battexy 

* We ought perhaps to except the German atmospherical clock, shewn at the Great 
SditaitioB, m «ikh the wiauims ia Ih^ 
As SNtivB power* 
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WMj be coiuftraeted witbout any metelHo dement. In Noyember 18(^1, 
be formed a battery of this bind, wbicb oonristed of ten pieces of well* 
burnt charcoal, with nitric acid and water arranged altemateijr in wine- 

glasfif"*, which producofl oil tho effects usually ohtained from an alternate 
arrangement of zinc, silver, and water. Moi r recently, Dr. Faraday has 
fihewn, that when the usual elements are employed, voltaic action may be 
excited without contact of the metals. Notwithstanding these evidences 
of ^emieal actum, the eontaot theoiy eontinnes to be tbe &voarite hypo* 
tbesis witb phQosopbers on the eontinenl^ and the action of De Luc's 
column, without the perceptible presence of any fluid, has given soppozt 
to their arguments. 

Whether chemical action be, or be not, the exciting cause of voltaic 
electricity, the agency of that power in disturbing chemiod affinities is one 
of its most remarkable and importent characteristics. Nor did tbis ezt»- 
ofdinary power long He dormant Two months before Volta*8 communici^ 
tiott was read before the Boyal Society, Messrs. Nichdson and Carlide 
effected the decomposition of water by Volta's apparatus, which had been 
described in foreign journals ; and Sir Humphrey Davy, improvin*^ on 
these experiments, succeeded in producing the oxygen and hydrogen gases 
£rom separate portions of water, in diii'erent glasses, connected together by 
moistened tbrms* Following up these experiments^ be decomposed se- 
Teral compound bodies, and in every case be found that when sabstance» 
containing sulphur or metal combined witb ozjgen were operated on, the 
sulphur and metal appeared at the negative end of the battery, and oxygen 
at tlie j>ositive end. He was led to infer from these and similar experi- 
ments with the voltaic battery on the decompositiou of bodies, that elec- 
trical action is identical witli ciiemical affinity. 

In pursuing bis investigations into the nature of the action of tbe vol- 
taic battery, S& Humphrey Bavy ascertained that tbe intensity increases 
with the number of the plates, and that the quantity of electricity excited 
is dependent on their size ; a fact which was subsequently verified by Mr. 
Children, who with a single pair of very large plates of 2iuc and copper 
was enabled readily to melt the most infusible metals. 

Armed with such a powerful deeomposiug agent as the voltaic butteiy,. 
numerous chemical experimentalists pursued tbeir xeseazcbes into tbe 
dementaiy constituents of bodies with great ardour. Dr. Henry deoom-- 
posed several of the acids, and resolved ammonia into its proximate cle* 
ments. Berzelius transferred the elements of neutral salts to their respec- 
tive j)oles : the acids being collected at the copper end of the battery, and 
the alkalies and earths being attached to the zinc terminus. These and 
various other results were published in the journals, and served to givb 
additional stimulus to electroHsbemical investigations. 

Whilst scientific men were anxiously looking for important results 
horn tbe inquiries thus sedulously pursued, there appeared in the Philom^ 
fhical Journal a letter signed E. Peel, of Cambridge, announcing that, in 
his experiments on the decomposition of water, he had invariably found 
the pure water with which he commenced operating imj)regnated with 
common salt. This announced generation of salt by the action of the vol- 
taic battery excited a fively sensation amongst philosophers in most parts 
of Europe. Some applied themselves to verify the experiment, whilst 
others speculated on tbe new light thus thrown on the cause of theses 
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tieing fl«3t» Hie annoimoemeiit w$b, however, looii aftmruds detoeM to 
be ft lioaz, &eie being no person of the name of Peel at Cambridge. la 

the meantimei while the ooncocter of this practical joke was pSobablj 

enjoying its success, experimentalists had actually obtained the result* 
which he hs^d published as a wildly extravagant notion. Tt was nscpr- 
tained that <listilltHl watpr, after having been acted uu lur some time by 
a voltaic current, coiilaintd iu every cane an appreciable quantity of salt. 
This proved « most perplexing diacovery. The apparent craitbn <rf mat- 
ter by Yoltaio aetion was aa difficult to aeoonnt for, as in later days haa 
been the apparent creation of living insects by the same agency. Sir 
Humphrey Davy entered ardently into the investigation, and after a con- 
tinued series of carefully conducted experiments, he ascertained that the 
gait or earthy matter eliminated whs extracted from the substance of the 
threads employed, ur was owing to the partial decomposition of the glass 
TeaaelB in whieh tiie ezperimentEi were oonduetod. 1%e mote eazi^ he 
waa in ayoiding these sourcea of errorj the water beeame more free from 
aaline partides ; and when fibrea of pvure asbestos were aobstitQted for 
thread, and agate cups for gla8B» no. trace of aUcali or earthj matter waa 

to be detected in the water. 

It waa in consequetice ot these researches, undertaken for the pm-]>ose 
of shewing that the results of the experiments on the Continent were as ' * 
illiiaoiy aa the iffnit Jbimu /wbit^ lighted the way to them, that Sir 
Humphrey Davy waa led into the eonree of experiments which terminated 
in hia brilliant discovery of the metallic bases of the alkalies and earths. 
The eireumstance that the origin of one of the most important diseoveries 
in science may be thus traced to the senseless trick of an unknown indi- 
yidual, presents a remarkable feature among the curiosities of science^ and 
affords ample food for reflection to the speculative philosopher on the eli- 
mination of yalnable tmtha frvm frlsehood and error. ^ 

It is not strictly within our province to notice the labonn of chemical 
ezperimentalista j but the decomposition of the alkalies and earths exhibits 
such striking exam])1es of the chemical power of voltaic electricity, that 
the discovery of their bases by its means may be fairly considered to belong 
to the history of the progress of electric science. 

From the first announcement of the discovery of the voltaic battery, 
Sir Humphrey Davy foresaw the vast importance of its agency in chemical 
researches. In a note-book dated August 6th, 1800, he writes : " I cannot 
close this notice without feeling grateful to M. Yolta, Mr. Nicholson, and 
Mr. Carlisle, whose experience has placed such a wonderful find important 
inatrument of analysis in my power,"* In his first Bakeriau lecture six 
years afterwards, he expresses the hope that " the new mode of analysis 
may lead us to the discovery of the true elements of bodi^ if the ma- 
terials acted on be employed in a certain state of concentration, and the 
electricity be sufficiently exalted. For, if chemical union be of the nature 
which I have ventured to suppose^ however strong the natural energies of 
the elements of the bodies may be, yet there is every probability of a limit 
to their strength ; whereas the powers of our artificial instruments seen^ 
capable of indefinite increase."f 

• H«DMln cf tlie Lift of Sir Hsnipliiey Davy, Bart, by John Davy, 1C.D. 
t Ibid. 
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«lectrical agency, he uiBtitutod « uaim of ezpanmenis on potass with a 
Tiew to its decomposition ; the compound nature of the alkalies having 

been for some tiiue suspected. At first he experienced great diflBcnltr in 
getting the < L rrric current to act on the potass, which when in a solid 
state is a non-conductor of electricity, and when acted on in solution the 
water only was dooomposed. The &«6 Bncoenfol nroUis wface obtained 
hy employing fused potass ; inflaiBiBaible matter iraa then developed, which 
IjacBt into flame the instant it was formed. Tlie cou^plete suocesB of Hie 
investigation occurred on the 6th of October. The following brief account 
of the discovery is contained in a maauacripi of a lecture deUvered at the 
JKoyal Institution. 

" Experim&iUs, Then a piece of potass, moistened, and to my great 
flniprise I fooad metaUie maitter formed. 

" Oct %&L This matter instantly burnt when it fouoM tomlff*, twatt 
on its surface, reproducing potass. In dry oxygen gas likewise it bamt 
into perfectly dry potass.""' 

" The extreme delight which he felt when he first saw the metallic 
basis of potass," observes »Sir Humphrey Davy's brother, can only be 
conceived by thoBC who are fkuiiliar with the operations of the laboratory, 
and the ezoiting nature of original research ; who can enter into his pre- 
Tious ▼iewBy and the analoe^ 1^ which he was goided ; and can compre* 
^end the vast importance of the discovery in its various relations of che- 
mical doctrine ; and, perhaps, not least, who can appreciate the workiT><]fs 
of a young mind with an avidity for knowledge and glorv romraensui'at^,' 1 
I have been told that when he saw the minute globules of potassium burst 
through the cruat of the potass, and take tire as they entered the atmo- 
:spheffi^ he eovld not contabi his — he actually danced abcat the room 
in ecstatic delight, and that some little time was required for him to ecm- 
]pose himself saffirientiy to continue the experiment" 

Tlic battery power employed by Sir Humphrey Davy in effecting this 
brilliant result consisted of a combination of twenty -four plates of co]ii>or 
and zinc twelve inches square, one hundred plates of six inches, and one 
hundred and fifty of four inches. As it is a peculiar property of the 
wttaie battery tluit the quantity of electricity transmitted fay a series of 
plates is dependent on tiie siee of the smallest plate of the seriesy it follows 
that tlie power thus brought to besr was equal to that of a battery of 274 
pairs of plates • of four inches square. The managers of the Tioynl Insti- 
tution afterwards placed at his dis]K)sal a voltaic battery ot bUU double 
piates four inches square : and a still larger batterji c(»isistlBg of 2000 
flates, was consftracted by subscription for his use. 

The important discoveries of Sir Hmnphrey Davy, by mesas of the 
Teltaic battery, caused increased attention to be paid to that vahmlil^ 
agent in chemical analysis, and voltaic batteries were made on a larg^ 
scale than any that had previoTT^lv been constructed. It is related that 
when Napoieoji lieard of the decomposition of the alkalies by an English 
l^osopher, he angrily questioned the scamu of the Paris Institute why 
the diseoveiy had not been made in France. Ute exeose aOcged was the 
want of a battery of sufficient pow^. He immediately commanded one to 

* M^oin of the lofo of Sir Homphiey Davy, Bart., by John Dary, M.D. 
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be miide; and wben completed be weaA to tlie Imelituteio see it "^^fli liift 
wnud impetuosity, tlie Emperor leiaed hold of 1^ wane, md before lie 
could be checked by tiic attendant, applied them to his tongue. £Qs 

imperial ninjesty was rendered nearly senseless by the slmrk ; and aa soon 
as he recovered irom its effects, he walked out of the laboratory with as 
much composure as he could assume, not requiring fiirther experiments 
to test the power of the battery ; nor dul he ever afterwards allude to the 
esbject* 

With the powerful voltaic betleries tbat were then c(niBtnioted, the 
COime of inveetigatiou into the constituent puis of bodies was steadily 

pursued ; and niimerons oompoiind substances yi^hiod up their elements 
to tlie deconiiM>>ing iiitiuence. JSubstances that luid rrs;iHt4^d the greatest 
heat of the furnace were readily fused, and eveu the diamond was burnt 
in the voltaic arc, and its chemical character was id^tified with carbon. 

We xiiust not omit to notice the attenqit made during this period by 
Sir H. Davy to practicaUj apply voltaic electricity for the prevention of 
Ae corrosion of the copper ahei^ng on ships. He had ascertained, when 
t^ metals in contact nre immersed in a saline solution, that whilst an 
increased action takes place on one of the metals, caused by contact, the 
actiou of the solutiou on the oUier is diminish ed. Chopper, for example, 
Modae^oei corrosum in aearwater; but whetk zinc is in contact with it the 
eoRoeion of the copper ceasee. 6ir H. Davy applied this principle to 
copper sheathing, by protecting it with stripe of zinc. The experiment 
succeeded scientifically by preventing corrosion, but it practically failed ; 
for the copper thus protected became covered witli sea-weed and shell-fish, 
which do not adhere to the corroded surface. Sir H. Davy was deeply 
mortilied at the failm-e of this experiment iu a ] tactical point of view; 
bvt it has kd to the discovery of «n alloy of copper that answers the 
purpose intended Y&ry nieoeiifiiUj. 



CHAPTER IV. 

Discovery of Electro-magnetism — Increase of the force by coils of wire — Electro-mag- 
nets — Tangential action of the force — Invention of the Galvanometer — Its application 
to telegraphic purposes — Discovcrv of Magneto-flectricity — Magneto-electrical ma- 
chines — Thermo-electricity — i'arauay's experimeaiat rcsearchea — Introduction of 
new temifl'-'Daniellls coottant battoy— Discovery of the electrotype proeen^De- 
valopment of eleolridty from ]ugh-]weimse ateam— Pkesent state of eleotiie aeicace. 

Thoucht the investicrfitions, (■(mdncted with the powerful inraus at com- 
niHiid, < lui idatcd Tiiany interesting facts, no striking incident occurred for 
several yeans; aud Dr. Bostoek, iu his Uistory of Galvamsnif appeals to 
have amsiidered that disooveriee Yry the agency of the ▼oltaie battery had 
i^eached thdr end. His words are : " It may be conjectured that we have 
carried the power of the inatniment to the utmost extent of which it 
ndmits; and it does tiot appear that we are at present in the way of 
fniLking anj important additions to our kuowledige of its effects, or of 

• Dr. Faris'a Zilli of Sir UmafhMj Darf. 
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obtaining any new liglit on the theory of its action.** This was written 
in 1818; and in the next year a new light — almost as brilliant as any of 
the preceding flashes that had illumined its progress — was thrown on eleo* 
trie science by the discover)^ of electro-ma^etism. 

That a close relation subsisted between electricity and magnetism had 
heea known from an early period of its hiftcnj, and the identity of the two 
had foimed a aubject of diBcnarion. 

Franklin and his contemporary electriicianB bad communicated mag* 
netlsm to small bars of steel by the charge of an electrical batter}^ ; and 
the power it exerted in destroying and reversing polarity was also known. 

It may be mentioned, tis an indication that the quebtion of the pro- 
bable identity of magnetism aud electricity exciteil considerable attention^ 
that In 1774 the Sectoral Academy of Bavaria proposed as the eabject 
of ft prise-essay : '* la there a real and physical analogy between electrie 
and magnetic forces ; and if such analogy existSi in what manner do theie 
forces fict on the animal bodyT' Though the prize was gained by a pro- 
fessor who maintained that the two powers were essentially distinct from 
each other, there were not wanting competitors who as strenuously main- 
tained that the forces were the same, though modified by special circum- 
Btaneea The impreaslon, indeed, of the identity of electrity and magnetism 
continued very strong; and it a remarkable omission in the inyoBti-> 
gations of philosophers, especially after the discovery of the voltaie pil^ 
that Tin well-conducted experiments were undertaken to ascertun more 
closely the relations between the two forces. 

Professor Girsted of Copenhagen, to whom the world is indebted for 
the discovery of this new and practically useful department of soieno^ 
published a work m 1807, in which he described the analogies between 
magnetism and electricity, wherein there occurs the following remarkable 
passage : In galvanic action the force is more latent than in electricity; 
and it is still more so in magnetism than in galvanism. It is necessary, 
therefore, to try whether electricity in its latent state will not affect the 
magnetic needle." It does not appear, however, that (Ersted actually tried 
the experiment indicated in his bookj nor does any one else seem to have 
made the trial, though we now know that the question would have been 
determined by mer^ plaring a magnetic needle over the wire connected 
with a voltaic battery. It was not till 1819, twelve years after he had 
pointed out the way to others, that CErsted followed the course he had 
indicated, and by bringing a magnetic needle in the direction of a voltaic 
current, ascertained that the conducting wire is itself magnetic, lie found 
also that the nature of the conducting medium is immaterial to the result, 
and that whether the voltaic circuit be compelled through metals or 
through a fluid, the magnetic needle is equally affected ; being deflected 
in one direction when placed over the conductor, and in the opposite 
direction when under it. 

The discovery was no sooner made known than all those wiio were 
aigaged in scientific researches throughout Europe pursued the inquiry 
with diligence, and oontinuaUy elidted additional fiMts, which bestowed 
increased importance on this correlative branch of electric science. MM. 
Ampere and Arago, of the French Academy of Sciences, having discovered 
that the direction of the magnetic force is tangential to the wire, suc- 
ceeded in multiplying the power by twisting the conducting wire into 
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& Spiral coil. In this nxanner the action of the voltaic current was fre- 
qu«atly repeated witliixi • mall area j and by adopting this arrangement 
saffieiait magnetic force was obtained to attract iron filings to the coil, 

and a steel bar placed witlim it was quickly magnetised 

In September of the same year that Professor CBrsted's discovery was 
known, M. Arago communicated to the French Academy that the electric 
current possesses the power of imparting magnetism to iron and sUd; and 
Sir Humphrey Davy ascertained independently the same important fact^ 
though wmemhtA later. 

It was ascertained that the coil of wire through which the voltaic cor- 
rent was transmitted in these experiments operated in all respects like a 
magnet ; but that the action ceased instantaneously when the current was 
interrupted. The power of the coil was found to he ereatly augmented by 
introducing a bar of iron within it, to which bar macriu tic properti«i were 
instantly communicated; but if the iron were ^ure and soft, those proper- 
ties ceased the moment that the electric dreoit was broken. The nearer 
the whorls of the coil were brought together without toudiing, the effect 
was found to be more concentrated. To prevent the communication of the 
electricity laterally In the folds of the coil, tlie wire was insulated ; by 
varni«ili in fho first instance, and afterwards by winding silk or cotton 
round it, to prevent metallic contact ; that slight degree of separation 
being suihcient to prevent the conduction of voltaic electricity. 

The insulation of the wire, trifling as the improTonent appears to be^ 
afforded the means of increasing the power of electro-magnetism to a most 
astonishing degree. Not only could the wire of the coil be twisted dose 
together, but it could be wound upon itself many folds in thickness, each 
additional layer of wire giving increased magnetic eflcct. In this manner 
eleetro-mo^aietH could be fonn( d with sufficient attractive i)o\ver to lift 
upwards of a ton j yet this attraction, so far Ciccediug that of any arti- 
ficial magnet that can be made hy other means^ ceasea the instant that 
the connexion is broken between tike coil of wire surrounding it and the 
Toltaic battery. 

Professor CErsted having ascertained that the electric enrrent passing 
through a conducting wire acts on the magnetic needle transversely in 
every position in which it can be placed, he inferred that the magnetic 
effect of the electric current is to give a circular motion round the wire. 
M. Amp^ entertained the same view, and prored by experiment thaft 
the conducting wires of two galvanic currenta{^ if free to move^ would 
mutually attract each other. Dr. Faraday contriYcd an ingenious appa^ 
ratus for shewing not only the rotation of a magnet round a conducting 
wire, but the rotation of a conducting wire round a magnet. This secTned 
to confirm the previously announced theory of M. Ampere, that magnctibm ig 
induced by circular currents round the magnetised bodies ; and it appeared 
also to introdnoe an anomaly in the action of moving forces, which are al- 
ways exerted in straight lines. The apparent anomaly may probably be re- 
inoTed by resolving the circular motion, like that of all other bodies moving 
incurves, into the operation of two forces acting in different direetiona. 

The rommunication of rotary motion by electro-magnetism, and the 
powerful attrHctive force called into action in electro-magnets, were con- 
sidered to indicate a new and valuable source of motive power, that could 

be applied direedy to the production of rotary motion. Numerous at* 
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iflmpto wimnade to vpfitj tbe power to wM. purposM as % iiAilitat* 

for 8teanv and the notion is not yet abandoned ; though there have been 
hitherto no practical reralta that lead us to as^eot the object will be atr 

tained. 

A most valuable instrument in conducting researches in voltaic elec- 
tricity was contrived shortly after the discovery of the magnetic influence 
of the Toltaie battery, and depending on that inflnenoe for its aetiea. 
The low state of tension' of voltaic eleetricity prerents it firom bong ap- 
preciable by the ordinary electrometer, excepting when the inteaaitj n 
increased hy the combination of a scries of plates. An attempt was made 
by Mr. Pepys, in the very infancy of roUriic electricity, to obtain an indi- 
cation of its force by increasing the sensibility of the f;:old-leaf electionieter; 
and he so far succeeded that with a pile consisting of a bcries of eighty 
pairs of pl8tes> he produced a yery decided deflection of the gold leama^ 
bat the instrument afforded no indication of electridly with a nmch smaller 
nnmber.* 

The experiment that (li<:covered electro-ma^etif^m, at the same time 
pointed out the mean« ot measurinp^ its force. The deilection of the mag- 
netic needle by the coucluctiug wire of the battery atibrded a highly 
sensitive indicator of the excitement of voltaic electricity. When the 
method of multiplying ih» force by means of folds of insulated fm 
twisted into a spiral <K>il became known, it was quickly made availaiile 
for giving increased sensibility to the magnetic needle ; and in this manner 
galvanometers were constructed of such extreme ddica^ as to detect the 
minutest portions of electricity. 

The invention of the galvanometer suggested the application of that 
instrument to the purpose of commnnicsting telegraphic signals. Hist 
plan ba% after numerous improvements, attained suck a degree of pei&e^ 
taon, that by the varied deflections of two ^j^lvanometer-needles communis 
cations are transmitted between places hundreds of miles asunder almost 
as quickly as they can be written down. The idea of employinof elec- 
tricity, thou<Th in a different manner, for telejfjraphic purposes was indeed 
by no means new. bu lax- back as 1774 a plan was proposed of transmit- 
ting signals through wires by causing pith balls to be defleoted when aa 
eleetrie discharge was made. It was in 1830 that M. Amp^ suggested 
the application of deflected needles, and in 1837 Mr. Alexander of Edin-< 
burgh exhibited in London the first electric telegraph on that principle. 
The plan was, however, impracticable, as it required a separate magnetio 
needle and a sc])aratc insulated wire for each letter of the ali)habet. 

We shall not attempt at present to follow the course of telegraphlo ♦ 
invention, which will be fully described when ws come to treat of the 
practical applications of electricity. It is sufficient in this place to observer ' 
liiat since the application in 1837 of M. Ampere's suggestion, there have 
been at least one hundred patents obtained for different modes of tele- 
graphic correspondence, most of them based on the same principle, or 
depending for their action on electro-magnetism ; and that by employing 
electro-chemical agency, communications may now be instantaneously; 
tomsmitted with a single connecting wire ten times faster than any one 
can writSk 

• PhikiMplucalJouiaai, June 180U 
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Ift pmning investigations into tii6 pbenbmenfl of ekcCiicity, Dr^ 
Aundaj iras 1^ to iafiBr that as a cwrrent of dectrieitj iadaoes tnaij^ 

aetisniy the magnetic force would induce eAsciritnty. Aided by the multi- 
plying power of the coil, and by the sensitivenej?s of the galvanometer, he 
was enabled to prove the correctness of the inference, and to establish the 
foundation of the branch of electric science termed Trm/pieto-electriciti/. 
Hifi experiments were conducted in the year 1831^ and shortly produced 
noflfc important xesolts. 

Tho mdaotitHi of electridfy by mi^iMtism was in Hio jfiist iaBfeanse 
shewn by connecting a hollow coil of wire with a galvanometer, and then 
inserting within the coil a powerful steel matfiirt. ^Vhilst the m£^et 
remained in the coil, the galvanometer gave no mdication ; but on quickly 
withdrawing the magnet, the needle was instantly deflected. A similar 
temporary deflection was observed to take place when the magnet wan 
^eklj introdaced ; and in KoTcmber of the same year Faraday demed 
stUl more complete STideiuse of induction by eUciting an deetrio spark. 
^6 effect produced by inserting and withdrawing the pflrmanent magnet 
into and out of the coil of wire was found to })e L'refttly augmented when 
an electro-magnet was substituted for the permanent steel one, and contact 
with the voltaic battery was rapicily made and broken. The instant that 
the iron was rendered magnetic, by making contact with the battery 
wiroi, tile temporary transmission of electricity took place through the 
coil of wire which surrounded it; and hy making and bmtking cc^ntaet 
with great rapidity, there was a continuous succession of electrical effects* 

The electricity thus induced in what i>? now termed the secondary cur^ 
rent was ascertained to be of a high degree of intensity, and to pass in a 
eontrary direction to that of the primary current. The phenomena be- 
came mere marked when the length of wire In the coil of the secondary 
dnmift was increased ; so that by adding to its lengthen degree of intensitgr 
was obtained equal to that of a numerous series of plates of a voltaie 
battery, though the primary exciting cause which comnumicated magnetisaa 
to the iron was only a single pair. 

By improved mechanical arranf^emcuta, the principle of electro-dy- 
namic induction brought to light by the experiments of Faraday has been 
Made to operate as a most powerful exciter of electricity. Magneto-eke- 
trio machmes have been constnieted with permanent steel magnets, thst 
possess the power of the most intmse Toltaie batteries ; giving sho<^ 
that arc insupportable, emittlnpf sparks, and operatin;:2^ a.s active decom- 
posing agents. The instrument is also cHj»able of being arranged as aa 
- exciter of f|uantity-elcctricity in a c()mi)arativcly lower state of intensity, 
so as to fuse wire, induce muguetism, and exhibit the other phenomena 
' eomMon to the Tokaic electricity exdted from a pair of plates of larga 
mxb. This mode of exciting deetrieity, independently of the fineUon of 
electrics or of chemical action, seemed to present the advantage of pro- 
curing a powerftil agent with comparatively little labour and no cost of 
materials ; and ritterapts have brrn consequently made, with considerable- 
success, to apply it to practical purposes, which we shall have sul»e- 
q^uently to notice. 

' Though the world is indebted to Favaday hr the development of tli» 
indnction of electricity &om steel magnets, the fact that electrical ^feetv 
e9aU he so elisited had been imparfsct^ diseovered at the Uginnng 9$ 
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tiie present oentary ; but it had then no rmnlts^ and wai gmnt forgoitea. 

The only notice of that discovery which we have been able to find occurs 
in the MonOdy yfagazine for April 1802, to this effect : — "Galvanism is 
at present a subject of occupation of all the German philosophers and 
chemists. At Vienna an imjvortant discovery has been announced — an aHi- 
Hcial magfiei, employed instead of Volta s pile, decomposes water equally 
as tiiat pile, or the eleetrieal machine^ whenoe it baa been oonelnded 
that the etedriCf galvame, and magnttie flnida are the same.** It is ca- 
rious to obaerve liow ibna in the oouzae of time diaoorerieB and inventiona 
that have passed awny and been disregarded, because circumstances were 
not then suited to their development, arc revived in later years either by 
accident or original research and ingenuity, and become important ele- 
ments in the advance of science and the progress of civilisation. We may 
notice also, in the preceding annonncementy that the &ct of the eorrektiye 
tiature of the three forces, which has been eatabliahed by the perserenng 
investigationa of modem philosopheFS, was anticipated fi% yean ago. 

For the purpose of not breaking in upon the outline of the progress of 
electro-magnetism, we have passed by other discoveries of considerable 
importance to which it is necessary to revert. 

An additional source of electricity was developed, in the year following 
tiie diacoTeiy of dectro-nuwnetiBm, by Dr. Beeabeek, who oommnnicatea 
to the Academy of Berlin &at he had succeeded in exciting electricity by 
the disturbance of temperature. He ascertained that two metals — anti- 
mony and bismuth being the most effective — when soldered together at 
their extremities and then lieated at the joints, whilst the other erifl^ 
are kept cool, produce a decided deflection of the galvanometer. Tiiis 
property of the metals has no reference to their efficiency in voltaic ar- 
rangements, nor to their powers of conducting electricity. The effects first 
produced by Dr. Seesbei^ were derived fi*om the combination of four bars 
of antimony and bismuth in the form of a rectangolar firame, one comer 
of which was heated and the other covered with ice. 

^Messrs. Nobili and Melloni succeeded in constructing thermo-electric 
piles by the combination of a series of bars of metal soldered together. 
WiUi tills apparatus most of the ordinary electrical phenomena have been 
produced, indnding the appearance of the electric spark, the deoompo- 
■ition of water, and the communication of nu^etic properties. The 
qnaatily of electricity evolved by this means is» howerer, very small j and 
thermo-electricity has yet assumed scarcely any importance ; though some 
philosophers are disposed to ascribe the magnetism of the earth to thermo- 
electric currents circiilating round the globe. 

Long previous to the discovery of Dr. Seesbeck, the influence of 
beat In exciting electricity had been ascertained, thongh the knowledge 
tras then limited to its effects on crystalline bodies. In 1717 M. Lemety 
exhibited to the French Academy of Sciences a stone, supposed to be 
tonrmnlin, which attracted light substances ; and the Duke de Noya per- 
formed laany electrical experiments with that crystalline l»ody; but it was 
iEpinus who firet shewed that heat was necessary to produce the pheno- 
mena. The Abb6 Haiiy, celebrated for his researches in crystallography^ 
found that the deetridfy of the tommalin decreased rapidly from the poles 
of the crystal, and that when broken, each fragment is eledrica], and in a 
(rimilar poUur condition, fie afterwards discoYered that topas and many 
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other oystals of similar oonlonnation exhibit signs of electricily irhen 
heated. Sir David Brewster has more recently ducoTered that the same 

property extends also to tlic crj^stals of many salts. 

The crystalline bodies which could thus be acted on by heat were 
called pyro-electrical. Aa their phenomena depend on the same exciting 
cause sl8 that which produces electricity in variably expansive metals, they 
may he oonddered as belongmg to thermo-deotricity ; and we have defened 
noticing them till they could be classed together with the dyBtaHine metals 
that become electrical by heat» 

Professor Faradny commenced in 1832 a series of experimental re- 
searches into the nature of electro-chemical action, the results of which 
were published from time to time in the Philosophical Transactions from 
1833 to 1844, and constitute most valuable contributions to electric science. 
One important point which these researcheB tend to proye is, that in the 
course of electro-chemical decomposition the elementary atoms of the 
compound snbstaaoe acted on are laransferred from atom to atom of the 
fluid, in a continuous chain from one pole of the battery to the other; the 
conduction of voltaic electricity throuj^h tluids being thus dependent on a 
successive series of decompositions and recompositions in opposite direc- 
tions. Another important point which they xnay he considered to haye 
established is, the law of definite electro-chemical action; — that *<for 
a constant quantity of electricity, whatever the decomposing conductor 
may be, whether water, saline solutions, acids, fused bodies, &c., the 
amount of electro chemical action is also a constant quantity, i. e. would 
alwajB be equivalent to a standard chemioal effect founded upon ordinary 
chemical affinity."* 

According to tiie ^ews of Professor Faraday, eleotro>ehemiesl deeom- 
position is occasioned hy "an internal corpuscular action excited according 
to the direction of the electric current ; and that it is due to a force eitiier 
superadded to or giving direction to the ordinary chemical affinity of the 
bodies pres«"nt.** He conceives, tlKTcfore, the eflects of the decomposition 
" to arise IVum forces whicli arc inttrihcil relative to the matter under de- 
composition — and not external^ aa they might be considered if directly 
dependent upon the poles.** 

To express these yiews of the action and direction of the forces ex- 
erted dunng electro-chemical decomposition, Faraday conceived that the 
terms previously employed were inefficient ; he therefore detennined to 
introduce a nomfnrlatnre suitable to the modes of action intUcated. He 
obtained the assisuince of two classical friends to aid him in this under- 
taking, and the result was the application of several Greek terms to denote 
processes and things which had been long known hy otiier names. It 
may seem presumptuous to question the propriety of the course adopted 
hy that eminent philosopher, but so strong is our impression of the in- 
jurious effects of multiplying terms requinng constant explanation, that 
we venture to express our conviction that it has tended unnecessarily to 
encumber the study of electricity. 

Th^ nomenclature of every science ought, in our opinion, to be ex- 
tremely simple, and, if possible, clearly expressiye of the character or 
action of the thing or process designated ; nor do we perc^ye any equi- 

* Experimental Retearches in Electricity, % 505* 
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▼alent advantige gained by the Ado|)iion of tiie words of a dead language, 

which often serve no })ptter ptiq>ose than to conceal by their unfamiliar 
sounds absurd, puerile, or questionable designations. The terms previ- 
ously in use to express the different electrical phenomena and conditions 
were so various as to afford ample choice to tiiose who entertain diiiering 
^ewB of the nfttvre and odtoiiB of iSb» «lee(rie UmiL Thore weie pha 
And minus," " positive and negative/' " vitreous and resinous^** to expren 
the kinds of electricity excited ; and electrics," " ideo-^lectrios," " non- 
electrics," " cotubiotors,** and " non-conductors," to indicate the electrical 
qualities of ditfereiit substances. When voltaic electricity gave rise to new 
terms, the copper or zinc ^d"" of the battery was an intelligible English 
exjpression to denote whfU^ those more fond of dassic names called " ter- 
mmufly'* and 'wlndi lafterwavds leoeiyed the naaie of " pole.** Poasee- 
«ed cf i3m abnndaiioa of ezprtesioDs, we do not conceive that any good 
-purpose is answered by adding to the list a number of Greek words and 
terminations to expres^R supposed ftnnlogies in the action of the vdtaio 
battery. Faraday liimself had evidently misgivings on the subject ; for 
rafter explaimng ;tiie lueauiug of the new terms, he adds : ^' I do not meali 
•to press them into aermee mcore frequently than will be required; for I 
am Mly awaie that aaaoea are one thing; and aeienee another and he 
afterwards found it advisable to change some of the terms for " aueh 
•as were at the same time simple in their nature, clear in their reference, 
and free from hypothesis."* It is to be wislird that be bad from the 
iirst acted on bis own judgment and knowleiige>, without being guided by 
his learned friends. . ■ 

Ab it is onr intention to present a dear and inteDigible YUfw of the 
adente of electridty &ee from .lumeoeBsflry tebhnicality, we ahatl endea- 
vor to avoid using any portion of the nomenclature eoualmcted by I^ro- 
feasor Faraday'^ ])hilological friends ; ])ut as those terms 'vrill bf* ofton met 
with in other works on the subject, the}- must not be passed by unnoticed. 
We therefore adopt the following abbreviated explanation by Mr. Noad :'\ 

** What are <;aUed the poles of the voltaic battery are merely the sur- 
ftMMs'or dooie by w^di Ad etectridty euten into or passes ont the 
Bttbstance suffering decomposition ; Faraday henee proposes for them the 
term ehobrotkBs, ftom ^Xcat/dok and oBoSf a way, meaning thereby the sub- 
etanc^ or surface, whether of air, water, metiil, or any other f5ubstanee, 
which serves to convey an electric current into and from the decomposing 
snatter, and which bounds its extent in that direction. 

The surfaces at which the electric ^jlbrrent enters and leaves a decom- 
posing body he eaUs the anodt and eathodet from Ava, vpwatek, and iiShc, 
•a tBa^f""^ way which the sun rises; and mra, downwwrds, and oSoc, a way 
— 4Ae way which the srni sets. The idea being taken from the eartii, the 
niftgnetism of which is supposed to be due to electric currents passing 
round it in a constant direction from east to umt.*" — " The anode is, 
therefore, that substance at which the electric current enters; it is the 
negative extremity of the deeompodn^ body ; m wdiere oxygen, chlorine, 
addi^ ke. are e?<HTed, and is ag^st or oppodte the positiTe electrode. 
ThdmthodeiB that sarfiue atwhidi the eoimt leans the deeomposing 

* Experimental Researches in Blectricity, toL i % 666. 
f Lectures on Electricity. 
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foid it ie in oontMiiritlitlM negailaTO dbelvode."^** OompouiidB iSmKiOj d^* 
oomposable by the electric current are called Atitolsftee, from -tiXeicrpop and 

Xvfjj, to set free — to dedrolyze a body is to doMBipoae it electro-chemically : 
the elements of an electrolyte are called i&ns, from lu}v, participle of the 
▼wb tlfitj to go ; anirms arc the iinis which make tlieir appearance at the 
anode^ and catit/fm are the iom whieh make their appearjance at the 
CAtbodi^ and wen tennad the «leoli«hpofliti?a dmealM.'^^'* ICr. Baiiiell 
propoaea fatAtr to dutiagoiflli ihit dooit whieh tiie eurat eatera and 
oeparta hf Ihe tenna gmoode and phUfnodBf the former being tlia plate 
which oocnpiea the position of tliA geniiiluigplata in the battevj, aad the 
Utter of the conducting plate." 

We have abstained from noticing the many alteratioTiR and improve- 
ments in the form and construction of the voltaic battery that have been 
introdnoed nnea Ae ofigiiud Saoaverf by Volta, partly beoanse thoae 
which ave of practical inportanoo will lie alkm^Krardi d«acribe^ and partly 
also beeavae aofih iiiq[irowBM|ita are not of a diaraotor to pfodnoe any 
notable impresaion on the course of electrical discovery. The " constwit" 
battery of ProfeBSor Daniell, however, invented in ib'd'2, rtijuires to he 
noticed in this place ; not only from the distinguishing priucipies of its 
•etoi, but from its influence on the disoovery of the process of electro- 
metallurgy. 

In theanBDgement d couronne de tasset of Yolta, and in ^U'Mdia^uent 
contrivanoea for exciting voltaic eleetricity, the action of the battery dimi- 
nished rapidly after the first minute. This waa attributable to the com- 
bined caujses of the colleotion of bubbles of hydro^n and the reduction 
of tiie o&ide of ziuc on the conducting plate. Professor Daniell, with a 
Tiew to remove these obstraetive effiBets, separated the fluid in which the 
quo plate waa iamBned from that of (he eopper bjr an animal membvani^ 
the interpoai^n of .wfaksh did not retard the passage of the aleotneity, 
whilst it effectually preyented the dapoaifcion of zinc on the copper plate. 
The collection of bnbhles of hydrogen gas on that plate still, however, 
operated against the jterf»j(jt actiou of the l)attcry. To remove thin impe- 
diment^ the copper plate was immersed in a satun^ted solution of the 
adphato of copper, whidi waa kept aapanto from the addidatod 4wfaitioii 
•mioimding the dnc plate by the aaimal m«mbmii& By tUa anangament 
the evolutum of hydrogen gas was altogether pievented ; for as qulehlf aa 
detached from its combination with the oxygen of the fluid menstruum 
by the ehemicid action on the ?:inc surfaee, it seizeri on the oxygen of the 
metallic salt, and the tul before lieM in solutioii was depositeri on the, 
copp^ plate of the battery. Both of the previously existing causes of the 
disiiinitioa. of tbo font of tlia battery wwe thw tmovadt <^ l>f keeping 
the solution in » aahvatod state, the aotlon «f Ifao ToUaie baitanr waa 
ateadilj austained. This ^conataat" battetsr el Fro^BSsor Daniell haa 
proved a most valuable aid in proeecuting researches and in conducting 
proce^ies that require the continuance of voltaic acdon £or seTOial days 
with the same amount of force. 

The depo<§itiou of pure uietaiiic ijopper fiuui the t»olutiou of tlie sul- 
phate^ and the inereaae in weight of fhe eendncting-plate by the aggrega- 
Uon of paartieba of oopper, eoold not fail to be observed from the «aitieat 
uae of tha ^oonftaat" ba^evy j and Pgofasaor Daniell Mmed that mi the 
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temoTfti of Mfme portion of the deposited copper, the parts detached pre- 
sented exact copies of the irregulantles of the surfiace of the pkte. Mr. 

De la Rue, who indeed preceded Profes«:or "naniell in the use of a solution 
of sulphate of copper as the exciting; lluid of an ordiuai-y battery, sent 
ft communication to the rhil".«.'/>/uccd JIaycudne, published in December 
1836, in which he mentions particularly the remarkable appearance of the 
deposited copper : " So perfect/' he obaenresy ''is the sheet of copper Ana 
formed, that on being stripped oS, it has the polish and even a coun- 
terpart of every scratch of the plate on which it was deiyosited." 

We perceive, therefore, how closely Mr. Be la Rue had arrived at the 
discovery of the electrotyi)e process. It was, iu fact, the process itself ; 
conducted, however, without appreciation of its valuej and without any 
idea of its practical application. 

In the earliest period of tiie history of Toltaic electricity, indeed, we find 
that M. Cruickshanks had observed that metab wwe'^ revived'^ from their 
solutions at the negative pole of the battery; and in 1805 M. Brug- 
iiotflli stated that he had "gilt in a complete manner two large silver 
medals, by bringing them, by means of a- steel wire, into communication 
with the negative pole of a voltaic pile, and kecpiug them immersed in 
ammoniuret of gold, newly made and well saturated." It was not^ how- 
ever, tiU 1839 that any practical application was made of the deposition of 
metals from tlicir solutions. There are three competitors for the honour 
of the priority of invention ; but each one lias the merit pf having origi- 
nated it about the same time independently of the others, M. Jacobi of 
St. Petcrsburgh asserts that he made the a])])licati()n of the ]>roceRS in 
February 1837 j but the iirsL notice of Ins experiments made known in 
this country was published in the A^enemn of May 4, 1839. In 1837^ 
Mr. Spencer of liyerpool had obtained a counterpart of the head and 
letters reversed of a penny-piece, whidi he had fortuitously used as a coq- 
ducting-plate in his battery ; and on the week following the publication 
of tbe notice of M. Jacobi's expirlinonts, Mr. Spencer gave notice that he 
should read a ])aper at the Liverpool Polytechnic Institution, containing 
the results of his experiments on the same subject ; but the reading of it 
was deferred till September. In the mean time, a letter in the Meehame^ 
Magazmtf from Mr. Jordan, a printer, gave a fall and accurate description 
of the process. It, however, attracted no attention; and the matter 
dropped until Mr. Spencer's paper was read in Liverpool^ illustrated with 
various specimens of electrotyj>es. 

The first efforts with the electrotype process in this country were limited 
to obtaining £eic-similes of coins and medals. It was endeavoured to be 
carried out on the Continent on a large scale, by applying it to the manu- 
facture of all kinds of copper vessels ; but we believe the operation was 
found more costly than the ordinary m(jde of fabrication. 

Electro-chemical metallic deposits have been successfully applied to 
coating natural objects with a tiim of metal, to the transference and mul- 
tiplication of elaborately -engraved plates, and even the delicate pictures of 
the Daguerreotype have be^ solidified by this means* But die most ez- 
tensively-usefol application of libit process has been to silveE^plating and to 
gilding. ElectnKplating has been carried to a high state of p^ection, 
and in many respects it possesses considerable advantages over the old 
modes of operating. Electro-metallurgy is yet> however, in its infancy ; 
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and though the experiment of feibricating metallic vessek by means of 
electro-chemical deposition has hitherto failed as a commercial under- 
taking, it is not improbable that farther improTflmenta— especially the 
diacoTery of some cheaper means of exciting electiicity for practical pur- 
poses — may eventually- render it an important branch of manviaotimng 
industry. 

A new and very unexpected source of electricity was discovered in 
1840 in effluent high-pressure steam. The discovery arose accidentally, 
owing to the iasae of ateam from a fiasuie in the boiler of & ateam-engine 
at S^rhiU, near KeweaaHe. The engineer happened to haTe one hand in 
the iaaoing steam, whilst he touched the lever of the valve with the other, 
and was surprised to sec a bright spark, accompanied by an electric shock. 
The same eflcct wa'^ produced whatever part of the boiler he touched, pro- 
vided one hand was in the effluent steam., 

Mr. Armstrong, to whom the fact was communicated, instituted several 
experiments with a view to develop the phenomena and ascertain their 
cause. He obtained sparks four inches in length from the issuing steam, 
by holding in it a hnndle of wires, insulated by a glass rod, or held by a 
poi-soii standing on a glass stool. When the boiler was insulated, the 
electrical effects were increased, and it was found that more electricity 
could be drawn from the boiler itself when thus situated, with the steam 
issuing &om it, than was collected by holding a conducting body in the 
ateam. The electricity of the boiler was generally found to be negative^ 
Mid that of the steam pontive. 

One of the extraordinary features of this discovery was the groat 
quantity of electricity evolved. Mr. Armstrong in his experiments with 
a locomotive boiler produced effects upwards of seven times greater than 
those from a plate-machine three feet in diameter, working at the rate 
of aeraty revolutions in a minute ; and the apparatus at the Poly- 
technic Institution, which was oonatracted purposely fsr the evolution 
of electricity from high-pressure steam, produces mudi more powerful 
^fects. 

The cause of the development of electricity by this means was at first 
considered to be owintr to the capacity of steam for the electric fluid being 
much greater wheu iu lis expanded state than when compressed within 
the boiler ; and the phenomenon of the exdtement of so large an amount 
of electricity by change of state was thought to afford a satisfactory iUiis- 
tration of the generation ci atmospheric electricity. This explanation was 
so simple, and appeared so complctrly in accordance with the Franklinian 
theory of electrical excitement, that it seemed to command belief; and we 
must admit it was with considerable reluctance we felt compelled to 
abandon it. Professor Faraday undertook to investigate the question ; 
and by a long series of weU-devised and carefully -conducted experi- 
ments, he appears to have proved very conclusively, that in the evo- 
lution of electricity the steam acts only a secondary part j and that the 
immediate cause of the electrical excitement is the friction of particles of 
water against the sides of the jet whence the steam issues. In pursuing 
the experiments with compressed air and gases, as substitutes for steam, 
the .same results were obtained when the tubes and jets contained mois- 
tute j but no electricity waa apparent when the air and gases were dry. 

An apparatus on a small scale for experimenting on the electricity 
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evoired by effluent steam is one of the wsnts of the kborotorf ; and 

without mrh mpann of investiijntioTj, the subject has not received so much 
attentiuu as it dt serves. The grf at amount of electricity, of high inten- 
sity, that can be thus excited, migiit .probably by tome mor^ cimveBieot 
Mi ' Miggme nt he rendered pfwtfaaHj umUL 

Since the ^eoveiy of tlie erdnitioii of deetridty during the eminbii 
of lugb-fNTMBure stetin, there hae been no merked advance in electric 
science. The la-st ten years have, however, been distinguished for nume^ 
rous ingenious applications of electric force, which has been made to 
siib^orve almost all kinds of purpoHea, from the tnuismisfflon of thought 
to the performance on musical instruments. 

We hm endeaToimd ia the precedii^ tbetdi to note and reaAet 
intelligible those successive stages of discovery find of induedve inTeeti- 
gadons which have given to electricity, though conqMnthpely a science of 
recent date, a rank as high, and a chnracter as important and interesting, 
tm that of any other of the physical sciences. Though so much has been 
done in developing and in practically applying electrical phenomena, much 
more remains to be accomplished : th« field is yet <mly partially culti> 
Tsked. A large traet lenudns «&eaqploied» kt nhkh we aatidpste eiie- 
wding eukivaiton iriQ bring to light addMeswl &cto ai eztnordinaTy aa 
any hitherto discovered. Their labours may mnore the veil that at 
present olwcnres the natiire of the connexion between friotionn,! rlprtricity, 
voltaism, heat, and the magnetic force j and may elucidate tlie mysterious 
Influence which electricity is known to exercise on the fuzictions of vi- 



Digitized by Google 



PABT II 



Tm PHENOMENA OF ELSICT^ICITY. 



CHAPTER V. 

GmrBRAL PBOPEBTIIB. 

Static and current Electricity — Electrical excitement by friction — Attraction and repul- 
sion — IliustratiTe experiments — Electrics and conductors — All substanras electrics 
wlieii iB0alaited— The opposite kiiuti of EIecftrieHj-*M«{giitiTe and positlT* «l«etfi«i ' 
diftngeaible—KtttaaldepeiidaMe ofthetiro ElMtrioitiw— Blflntiml indactMii'-The * 

Electrophoms — Influence of conductors on surrounding bodies — The Electroaieter 
— Various inductive powers of electric?— Explaaation ol all dflitlkal phtnooMPS 
by inductioa^The tvo theories of Electricity. 

Lr fha fongoisg outliiie of the Intoiy of elecfaricity w» hvf€ tmeed iim 
progress of the science^ from the first feeble spark to its identificattoa wUb 

the lightning's flash; and thence — pursuing its course into the vast field 
which the excitmient of electric forre by chemical action has opened — we 
have endeavoured to follow its rapid {itridf s since Ghlvani convulsed the 
limb of a frog, Voita coustructed his wonder-working pile, Davy decom- 
posed the alkalies and earths, and (Ersted detected magnetism in the eleo- 
trio current, till Faraday, xerenbg the {ffocess, hae frem aiagnetlaBi 
eliminated eLeoferic fire. 

We have now to describe more particularly the great variety of elec- 
trical phenomena, and the means by which they are produced in the 
present advanced state of tlie science. In doing this we .shall proceed 
nearly in the same order in which the leading £act8 presented themselyes 
in our hiatorieel sketch ; conunencing, in the first- place, with the phe- 
nomena of finctional, or as it is more frequently called "static electricity." 
The latter term is applied to distinguish the action of the force excited by 
friction from that of the voltaic batteiy ; frictional electricity exhibiting 
itself in a state of efjuilibrinm. and remaining comparatively at rest, ex- 
cepting during the instant of discliarge ; whilst voltaic electricity appears 
to be constantly in motion from one pole of the battery to the other, and 
has hence been celled correnit electricity. 

The finction of a glass rod or stick of sealing-wax, adopted by the early 
dectridans as their only means of exciting electricity, affords the simplest 
mode of exhibiting the phenomenon of electrical excitement. A glass 
tube about two inches in diameter and tvo feet long anaw.ers the piupose 
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Tcry well. It should be made perfectly dry, and then corked at each end ; 
and if vaniislicd inside, to prevent the coudensation of moisture on the 
glass, it will be better. A piece of black silk, on which some of the amal- 
gam, of mercury, zinc, and tiu, has been spread, forms the best rubber. 
On rubbing the tube briskly with the silk, after both hove been fiist 
warmed, electrioitj will be excited in almort all Btatea of the atmosphere ; 
and when the weather is fine and frosty, loud crack^ga will be heard. 
In the dark, flashes of light will be observed darting from the tube to the 
hand tliat holds it ; and on presenting the knuckle within an inch or two 
of the excited glass, sparks will be emitted, accompanied by a slight tin- 
gling sensation. 

When a downy feather is held at some distance from the excited tabe, 
the fibres will be attracted towards it, and when liberated, the feather will 
rush to the glass. In a short time, however, the downy parts will be ob- 
served to separate from each other, and when the feather is charged with 
electrieitr, it will fly off nearly as rapidly as it was attracted. The feather, 
when tliud repelled from the tube, will not again approach until it has 
pai-ted with its charge of electricity ; and to enable it t<} do so, it will rush 
towards the hand or towards the nearest conducting body. If, however, 
before the feather has had the opportunity of parting with the charge, the 
excited tube is brought near, it is repelled farther off, and it may in this 
manner be chased round the room, and kept suspended in the air. 

The feather, when in a charged state, exerts an attractive force on all 
Bunouuding bodies equal to that with which it is attracted towards them ; 
and if a light conducting body were suspended near, they would rush to- 
wards each other with equal forces^ and with Tclocities inversely propoi^ 
tioned to their respective wei^ts. The same law also regulates the 
rqpelling force; and when two light bodies chargi {1 with electricity from 
the glass tube are suspended near to e n li other, they will be mutually 
repelled. If two small pieces of cork, fur exani])le. or what is still better, 
two pith balls, arc suspended by strings of etpiai length so as to touch, 
and they are then charged with electricity from the glass tube, they repel 
each otjier and keep apart until they are either touched by a oondneting 
body^ or the dedridty is gradually discharged mto the air. 

The properties of electric attraction and repniaon may be illustrated 
in a great variety of ways, some of which arc extremely amusing. If a 
number of small figures are cut out in ]in] 'er, or carved out of pith, and an 
excited glass rod be held a few inches ubuve them on the tabic, the figures 
will immediately commence dancing up and down, assuming a variety of 
droll positions. A &vourite posture, if we may so express it> of these little 
figures, is that of standing on the head or on one hand, presenting a foot 
towards the glass, their little frames being agitated all the time with a qui- 
Tcring motion. From this position of the figures may be learned the fact 
that first suggested to Franklin the means of drawing b'ghtning from t]>e 
clouds. The ah&rp edges and corners of the paper serve aspouits to draw 
off the electricity from the excited glass tube, and each one oi the figures in 
that posture is operating, on a small scale, in the same manner as the 
lightning-conductor on a church-steeple when a thimder-cloud is passing 
over it. This action of the edges and j)oints of the paper in drawing off 
the elpf'tricity at a distance, prevents the figures cut out in paper from 
dancing so energetically as those made of pith, and pith balls act more 
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briddy than either. The experiment can 

be shewn better by means of an electrieal 

machine than with the excited tube, by 

suspending horizontally from the prime 

conductor a metal disc a few inches above 

a flat metal surface connected witli the earth, 

on which the figures are placed. By this 

airangcment tiie danosra bare more apaoe 

for their lateral gyrations, and someames 

waltz together very laughably. 

Experiments illustrative of electric at- 
traction and repulsion may be greatly diver- 

gified when an electrical machine is used, so 

as to increase the quantity of electricity and 
to conveniently apply it. Amon^ the a|f>a- 
ntns commonly emplojred for exhibiting tiiis 
property in an amusing manner is a iloH's 
head with long hair. "When attached to 
the prime conductor of the machine, the hairs 
stand erect, presenting an exaggerated repre- 
sentation of fi-ight. 

A dry glass tombler becomes charged by 
grasping it with the hand and presenting the 
inside to a point fixed on the conductor. If it 
be then placed over a number of pith balls on 
the table, the balls dance up and down with 
great rapidity, each ball being first attracted to 
the top or to the sides of the glass, and when 
charged is repelled or &11b on to the toble, where 
it disehaiges the electricity it has received, and 
IS again attracted to the glass. In this manner 
the tumbler is gradually discharged of its elec- 
tricity. The outside of the glass is equally 
charged with the inside, though negatively, and parts 
with its electricity to the air or surrounding bodies 
in proportion to the disdurge of the interior soi&oe ; 
it being one of tihe laws of statical electricity, that 
one surface of a non-conducting body cannot be 
charged without the other, as will be explained more 
fully when we come to the consideration of the phe- 
nomena of electric induction and the Leyden jar. 

The ben apparatus, for ringing bellt 1^ means 
of eleetrio attraction and repulsion, is a good illns- 
tration of those forces. A metal rod, fig. 4, fixed 
horizontally to the prime conductor of tho machine, serves to suspend 
throe or more small bells. When three bells are employed, tlic two end 
ones are hung by wires or chains, and the central one is susjiended by a 
silk thread to insulate it from the conductor, though a metallic communi- 
cation is made from it to the table hj a diain. Two small metal clappers 
are also suspended by Insulating silk threads from the horinmtal rod. 
When the machine is put in action, the bells at each end of the rod being 
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ooniieetod wHb the oondnctMP by metal coBBae^ 
tions, become einrged with electrimtyy and tl^ 
tract the clappers, which being instantaneously 

charged are m (]mck]y repollfd and attracted to 
the central bell, connected with the table, at 
which their electricity is discharged. The clap- 
pen aire tl^n again attracted and strike against 
the other bdlB, and by these brisk altenMile 
attractions and repulsions keep ringing a^ 1<^ag 
K as the macliine is in action. It was by atta<^ 

ing a set of bells of this kind to his lightning- 
condiictor, that Dr. Franklin received notice, 
by their ringing, whenever a thunder-cloud 
vaa pasaing over the appamiua 

OA of the ^Eecto of deetvieal attradkm is 
ex^plified in its action on ruimiiig fliiid% 
causing them to flow more quickly. Let a metallic cup, for 
fflcample, fig. 5, containing water, and with a small opening at 
the bottom, be suspended from the prime conductor of an elec- 
trical machine. If the aperture be so small au to allow the water 
t» Mwe by diops when the machme is not. in action, 4lie 
fio<vr iriB be increased to a stream as soon as the electricity is 
excited. The w^er being charged with posltiTB dectrieity, it 
is attracted with increased force tr)wards the earth, and that 
force, added to the attraction of gravitation^ produces the more 
rapid flow. 

The early electricians appear tiO have had no knowledge of 
▼ariations in degree of eoiMhieting power, nor of ebetrieal ex- 
citement in difforeat sabatances ; but more recent investigations 
have shewn that conductors and electrics are blended together by such 
inappreciable degrees, that it is impogsi1>Io to say to whirh ckss some of 
the intermediate bodies belong. As all subetancea probably are capal ilc 
of electrical excitement, they might consec^uently be all classed in tixe 
list of electrics, gutta-per^ being at the hea<^ and gold or copper at the 
bottom. On the other hand, as all sobstaneea condiut dectricify in Tsri- 
ons degrees^ tiiey might ail oome within the class of conductors, in which 
case the order would be reversed. So different, indeed, is the conducting 
power of bodies usually considered as rnn<li]ftor<i of electricity, that water, 
which is classed as a conductor, oliers three million times more resistance 
to the electric fluid than copper. 

It ii a femulEable fiust in the eondnctian of eketricity, that imperfeet 
c oB dn ctoffs can oompenaatjB by quantity for their defidenqr in quality. Thus 
assuming that in equal bodies of copper and water the latter would not 
conduct more than the three-millionth part of the quantity' of electricity in 
the same time that would pass by the copper, yet by increasing the (quan- 
tity of water in a proportionate degree, the resistance in both cases would 
be equal. We shall have occasion to shew, indeed, in speaking of electric 
telegraphs, that when the conducting power of waiter is brought to opersAe 
on an extensive scale, the reaistaaee it ofiecs to the passage of dectrieity 
diminidies to an inappreciable quantity. 
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ooQciuetmg powers, is subjoined. It is difficult, however, to determine 
how far such a list should extend, since all substaaees conduct in a greiU«r 
or less degree. 



Copper. Platiniun. Animal fluids. 

Gold. ChareoaL Sea water. 

Silver, P!umbir::n. Fresh water. 

Mercutj. Strong aads. Ice and snow above zero. 

Iron. Soot Vapour. 

Tin. Metallic ores. Rarefied air. 

Lead. Diluted adds. 

SQbc. Saline eolutiona. 



We have previously noticed that the best electrics are the worst con- 
ductors of electricity, and that all substance may be considered to be elec- 
trics or Qou-electrics in proportion to the resistance th^ offer to the 
conduetioii of eleetricity. Ae guttBrpereha offers more rceiBtenoe to the 
passage of electricity than any other body, it may eonsequ^]^ be consi- 
dered the best electric ; and copper, being the best conductor, s^liould be 
the farthest removed from the condition of < L ti k al excitement A copper 
rod may, however, be converted into an electric by insulation ; but when 
a metal rod is excited by friction, the electricity is discharged at once, 
when a conducting body is broi^ht near, mstead of parting with the elee- 
triclty by slew degrees, Hke sa eaccited tobe of glass. It teenui proibehle 
that electricity is always excited by friedon imder everj ciroimttlience, 
thoqg^ it is only observable in those substances that have the power of 
retaining it on their surfaces after being excited. The mere movement 
of the feet along the carpet is sufficient to excite electricity ; as may be 
shewn by placing the hand on a delicate electrometer whilst the feet are 
in motion. 

The experiment whieh led Da Faj to the dieeoTerj that there are two 
kinds or states of electridty may be easily repeated. Having caused a 
feather to be repelled from an excited glass tube, excite a stick of sealing- 
wax, or what is better, a rod of gutta-percha, and the feather which has 
bt I II repelled by the giaisB will be attracted by the cr^itta-percha. Then 
holding the glass tube in one hand and the gutta-percha in the other, the 
feathor will be ahemately attncted and tej^ed, and with gneAer Ibiee 
than when a eondncting b6dy eenneeted wkh the earth is bnmght near 
to either of the exeited electrics and the feather. After a succession of 
attractions and repulsions, the electricity of tlic excited prla«fl and gutta- 
percha is discharged, the feather having acted as a discharger from one to 
the other. This experiment clearly shews that the electricity excited in 
glass, whilst ii apparently repels bodies similarly electrified, attracts those 
that are electrified by wax or gatta-pereha. The phenomenon of mutual 
attraction is shewn more briskly if a piece of gold-leaf or suspended pith 
ball be substituted for the feather ; for the downy fibres of the latter tend 
to di=?f=ipatc the electricity quietly from their distended points^ and thus 
prevent the feather from becoming fully charged. 

A still more satisfactory way of exhibiting the different actions of the 
two kinds of electricity is to suspend two pith balls by tlireads of equal 
lengths firom an insidated metal ooadootor^ as repr e se n t ed in fig. 6; oo 
being the pith balls suspended firom one end of the horizontal metal cy- 
linder jl, and iumkfeed bam the earth by the glass leg is fixed into m 
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A. wooden base. Tenth Hie end A wltii 

an excited glass tube, and the pith ballg 
will separate and will contiuuc apart 
when the tube is removed, each one 
being plcctrificfl with the electricity 
of the glass, if au excited Btick of 
sealing-wax be then brought near, the 
expanded baUs will oollapse, even be- 
fore the wax touches a. On remov- 
ing the excited wax without touchin;^ 
the horizontal rod, the pith balls will 
^ig- «• agaiu separate, and will be in the same 

electrical conditiou as before. But if 
the excited stick of wax come in contact with the rod, or approach it ao 
near as to transmit a spark, the state of electricity becomes changed, and 
the balls will then expand with the opposite kind of electricity. When 
the excited wax is again brought near, the pith balls will expand more 
widr!y instead of eoUapsing, as beforo, and the excited glass tube, which 
previously made the balls expanil, will now cause them to collapse. 

It appears, therefore, that the electricity communicated to the halls 
by the excited glass difiers essentially in its attractive properties firom 
that communicated by the excited wax; and Du Fay, who first disco- 
yered the difierence, distinguished the opposite states of electricity by the 
terms vUrecms and resinous. These terms arc still retained by those elec- 
tricians who conceive, that there are two electric fluids ; but those who, 
with Franklin, entertain the opinion that the different attractive actions 
axe occasioned by the plus or minus state of the same electric fluid, call 
the electricity excited by glass poaUwe, and that excited by reGon mffoUve, 
Shortly after the discovery of the difference of the two dectrical con- 
ditions, all the known electrics wcro classed according to' the kind of 
electricity each one excited ; but such classification was afterwards found 
to be very fallacious, for the state of electricity depends, with few excep- 
tions; on the rubber employed. Even glass and resin, which are con- 
ndered the types of the two distinct classes of electrics, may be made to 
interchange tiieir states of electrical excitement ; for glass when rubbed 
with the fur of a cat yields negative electricity, and resin becomes posi- 
tively electrified when rubbed with metals. The fur of a cat is the only 
known substance that does not alter its electrical state with whatever it is 
excited. In the following list of electrics, those which come first excit« 
positive electricity when rubbed with any of those that follow, and are 
negative when rubbed with tiiose that precede. 

Fur of a cat. Featben. Sillu 

Fdidied glan. Wood. Gum lac 

WooUea doth. Paper. Sough gUua. 

The change of electrical excitement seems to depend more on the na- 
ture of the surface than on the inherent quality of the electric ; for in the 
preceding list it will be observed that glass is positive when polidied, and 
is strongly negative when roughened. The follo\^nng table, given by Ca- 
vallo as the results of experiments, shews more fully the changes effected 
by different rubbers. It will be observed, however, that the relative eleo- 



Digitized by Google 



OENEEAL PB0P£fiTI£3. 



trical oonditionB do not esadly agree with those mentioned in the fore- 
going list 



Substances excited. 
Back of a cat . • • 
Polished glaM 



• • • 



Rough gUm • • . . 

Tounnalin 

Hare-ddn 

White silk 

Blaekdlk 

Sealing-wlUE • * . . 
Baked wood . • • * 



Kind of electricity. 
. Poaitire . 

. positive . 
r Poaitive . 

I Negative . 

Positive . 
\ Negative . 

" Positive . 



Negative • 
'Podtive . 



Negative . 
Pn«irivc • 
Xc-<Ltive . 
Positive . 
Negative * 
Poutive • 
Nega^Te « 



{ 



The ni1)1>en. 
Every substance tried. 
Every substance but the back of a est. • 
Dry oiled siik, sulphur, metais. 

Woollen doth, paper, wax» the human 

hand. 

Amber, a current of air. 
Diamond, the human hand. 
Metals, silk, leather, hand. 
Finer furs than hare-skia. 
Black eilk, metala. 
Paper, hand, hait* 
i$eiiling-wax. 
Fnief metals, hand. 
Metals. 

Furs, hand, leather, cloth. 

Silk. 

FlanneL' 



These facts respectiug the change of electrical state from 2)ositiTe to 
negative are diffioult to explain on any known hypothesis. U we adopt 
the theory of Franklin, and infer that the positiTely electrified bodies only 

are the exciters of electricity, then we must assume, in those cases where 
a clmii<[*c in the khid of electricity is produced by a change of rubber, that 
the body on which positive electricity is excited is always to be regarded 
as the electric. Thus when glass which has been positively excited by 
friction with silk becomes negative by friction with the fur of a cat, it 
must in the latter ease hfe reguded not as the electric, bat as the rubber. 
The frequent change of state from positiTe to negative, which we shall 
have further occasion to nofeiee, presents, indeed, one of those mysteries 
of electric science of which no satisfiictoiy explanation has hitherto been 
ftfibrded.' 

One of the remarkable features of the two electricities is their depend- 
ence on each other. Positive electricity cannot be excited without the 
excitement at the same time of an equiu amount of negative electridty, 
nor can the latter be exeited without the evolution of positive electricity. 
Thus, when a tube of glass held in the hand is rubbed with silk, the hand 
holding the silk has a quantity of negative electricity communicated to 
it equal to the positive electricity excited in the glass. In ordinary 
circumstances the negative electricity is not apparent, because it is con- 
ducted to the earth as quickly as it is 
evolved ; but when the peroon who is ex- 
citing the glass tube is insulated from the 
ground, sparks of negative electricity may 
be taken from any of his body. Not 
only, is it impossible to excite positive or 
negative electricity without at the same 
instant exciting electricity of the opposite 
kind, but the presence of an excited elec* 
trie induces in bodies at a distance from 
it the opposite electrical state. When an 
excited glass tube is placed at the distance t. 
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of a foot from the end p of the horizontal inRiilated metal cylinder n p, 
furnished with pith balls at each end, the balls will be immediately dis- 
tended by the iuiiuence of the excited tube, though uo electricity is com- 
mimioftted to tiiem direefly fnm the glaBS. On tlw removBl of th^ tube 
to. ft greater distance, tbe balls will coUapse^ and no traee of eUetricily 
can be detected in the rod. But if the finger or any other conducting 
body touch the end N whilst the !)alls are distended under the influence of 
the glass tube near P, and it is withdrawn whilst the influence is exerted, 
then on removing the tube the balls will remain distended, the rod havinsr 
received a charge of negative electricity. The electrical state of the rod 
may be easily tested by bringing the glass tube near it again, when the 
balls will be seen to ooUapse on its approach, instead of expanding as ait 
first. 

Having touched the rod to remove the electricity, again bring the 
excited glass tube near the end p, and whilst the bails are distended under 
its influence, let an excited stick of sealing-wax be brought near the same 
end, and the balk will partially collapse ; but if the excited wax approach 
towards the othor end, they will be separated still fiurther apart 

In this experiment the aj^roadi of the positively excited glass tube 
towards the insulated rod repos ih» eledricity to the end fivthest from 
the excited tube. The equilibrium of the natural electricity in the rod is 
thus distm-bed, and it exhibits electrical phenomena without in fact having 
received any charge of electricity. According to the theory of Franklin, 
the rod has parted with a portion of its natural electricity, which was re- 
lulled to one end by the exdled glass, and it is left in a fmnus state until 
it regains its natural quantity from sunonndSng bodies. 

These simple experiments afford most satisfactory illustratsons of the 
important property of induction ; and they should be, therefore, carefully 
studied in all their bearings. The fact has been satisfactorily established, 
that every excited electric induces electricity of an opposite kind in all 
surrounding bodies ; and that this inflnenee is exerted through the air or 
«ny other non-condueting substanee with instantaneoos rapidity. There 
is no actual communication of electricity in ihese cases, bat an attv K tive 
or repelling action is exerted only so long as the influence of the electric 
operates. The instantaneous transmission of tin's inductive force tbron<rh 
bodies that offer the m«8t resistanoo to the con iuclion of the electric fluid, 
bears gome analogy to the trauBmiBsion of radiant heat instantaneously 
throi^h the non-eondufiAing air. Kvw hr tiie influenee attends has-not 
been ascertained, but It most probably obeys the same laws as heat and 
an other radiant forces ; extendii^ indefinitely into spae^ but diminkhing 
in quantity inversely as the squares of the distance. 

The property of indtiction is admirably illustrated in a very in'jenious 
and useful apj ar itus invented by Volta. called the Klectro])ii(iru8. It 
consists of a thiciL Hat cake of resinouii bubstiuic^ laid upuu a sheet of 
metal The resinous caike being rubbed with hot flannd, tiie upper 
firae becomes charged with negative eleetrieiliy, which Snduees an equal 
p<Mative charge on the under surface in contact with the metal plate. A 
metal disc insulated by a glass handle is then pressed upon the excited 
resin. A-^ the electricity cannot pass nway through the insulating glass 
handle, the eliect of the application uf ilie metal. disc on to the excited 
resin is to induce electricity on the surfaces of the metal, ea<dl surface 
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being fai unypfpoflite state; tlie poeitife eleefaticitj being atb«cted to the 
mamoB neemt lihe rednoui eleoteic^ and tiie negatiTe bemg repelled to 
flie upper suz&oe. 1£ the disc be pressed upon the resin, and removed 

without any connexion with the earth, the equilibrium of its two surfaces 
will be restored as soon as it is lifted from the intluenee of the electric, 
and it will exhibit scarcely any sia^n of havinsr gained electricity by the 
contact. But if whilst resting on the excited re^in, the upper surface be 
tonehed, the negatrve eketrieitf !• therebj withdrawn ; and when tiie 
disc is lifted away, it remalna poeitinly charged, and a eteong spadi: may 
be taken from it. This operation may be repeated any number of times, 
for none of the electricity of the excited resin is communicated directly 
to the disc, which becomes electrical merely by the induction of opposite 
kinds of electricity on ita two surfaces ; the equilibrium of its natural atate 
being disturbed by the attractive force of the excited electric When a 
pbte of glass is substituted Ibr one <»f resin, the decMiilnr of flie dise of 
course becomes reversed. The upper surface is then positiire whilst under 
^e influence of induction, and on allowing that to ^cape by communieao 
tion with the earth, the metal when reuMved horn contact is in the nflga- 
tive state. 

The continued supply of electricity from an 
electrophorus by a siugk excitement of the 
resinous plate renders this instrument oeca* 
flionally tery useful in eleetrical experiments, 
where a small quantity of electricity only is re- 
quired, as it is sufficiently powerful to charge a 
good-sized Leyden jar. Figure 8 represents 
the apparatus as generally constructed. The 
oake of reelnous matter, ▲ a, is poured on a 
cirenlar wooden pan, fined with tin-foil ; c is 
the metal disc^ usually made of brass, r muded 
at the edges; and B is the glass handle for the . ^ 

purpose of insulation. A sheet of gutta- 
percha might be advantageously substituted for the resin, and a handle of 
baked wood varnish^ would serve nearly as well as glass. 

The indnefcion of eleotricity through glass may ho shewn by exciting 
m% side ef a thin plate when laid flat on the table. The glus when 
rubbed with silk becomes positiydy electrified on its upper stirface, and 
the under surface is at the same time charged with negative electricity. 
This may be shewn by lifting the glass by the corners and bringing it near 
the pith balls (fig. 6). after they have been distended by c<.*utact with an 
excited glass tube. It will then be seen that the balls will be distended 
&rther ^mien the upper surface of (flie pane of |^aas is presented to them, 
and that they will cdkpBe on the piesentation of the under surface. ' 

It has been already stated, that in every case of electrical excitement 
electricity is induced in all surrounding bodies. When an excited glass 
rod, for instance, is held in the middle of the room, the walls and every 
thing they enclose are under its influence, though it may be too feeble to 
be appreciated. The effect of the excited glass is to attract a ccitaiu 
portion of negatiTC dectridty towards it, and a mutual attractive force 
•is exerted between the excited glass and eveiy object thus influenced. 
Many petsons are painfully Mnsitive of the appteaeh of a thundsMtorm, 
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and often oofmplain that dicfe Is ''tihimder in the air," when no atonn 

succeeds. There can be no doubt tliut during the passing of a thnndov 
cloud electricity is induced in all bodies beneath ; and Faraday on this ac- 
count considers it dangerous to have iron roofs to powder-magazines. 
Such a roof might have electricity induced in it by the action of tlie 
electricity in the cloud, and a spark miyht puss from the under surface of 
the roof to the ground. 

The aetlon of thatusefol instmmenty the elecbrometer, depends for the 
most part on the induction of electricity. The simplest indicator of elec- 
trical excitement is the arrangement of two pith balls, already shewn in 
fig. G. The weight of the balls, however, and the imperfect conducting 
character of the suspending string, prevent it from being very sensitive. 
Bennett's gold-leaf electrometer is a much more delicate instrument. It 
eonsisto of a wide glass tobe, about four inches long, mounted on a metal 
stand, and ooTered with a metallic cap. From the inside of the cap there 
is a small projection, to which two thin stri])s of gold-leaf arc attadied. 
The extreme lightness of the gold-leaf and its great conducting power 
render it extremely sensitive to the action .of small quantities of electricity; 
and the delicacy of the instrument is increased by fixing strips of tin-foil 
on the sides of the tube, opposite to the gold leaves, which are attracted 
towards them and diyerge with yeej slight electrical excitement 

Fig. 9 represents the form of this useful indioator 
A. of the presence of electricity. The brass cap a fits 

closely on to the tnl^e B, and from the cap the gold- 
leaves c c arc suspended. Two strips of tin-foil, D d, 
are connected with the metaUic base, and through it 
with the earth. 

To increase the sensibility of this electrometer, 
metal discs, AB, called condensers, are added, one of 
which is attached to the brass cap, and the other is 
mounted on a support that is movable by a joint at 
the bottom, so that it may be removed to the position 
indicated by the dotted lines in the figure. By the in- 
duction of electricity on the sorfiuse of the movable 
disc several successive times, and by its reactton on the 

electrometer, an accumulation of 
the electric force is effected ; by 
which means the presence of 
otherwise inappreciably small 
quantities of electricity is de- 
tected. 

This instrument^ and others 

of a similar construction, 
though called electrometers, do 
not indicate the quantity of 
electricity; and the name elec- 
t^'oscope, which has been re- 
flg. 10. cently applied to them, is more 

appropriate to their character. 
The torsion-balance of Coulomb, which has been previously noticed^ 
measures the electric force exerted, and may therefore with strict pro- 




fig. 9. 
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priety be called an electrometer. It consists of a 
fine rod of shellac, at each end of which there is 
a glided pith ball, the rod and haUa being anspended 

from the centre hj a filament of spun-^lass a. The 

ball d is similar to the others, ana is also fixed to 
a rod of shellac, with a corresponding ball at the 
other end. The latter is called the carrier-ball, 
as it ooDveys electricity from the body to be tested 
to the electrometar. When applied to the excited 
boci v under examination, it receives a portion of 
the electricity, and on being then placed in it* 
pf>'^ition in the instrument, the suspended ball that 
rests against it is repelled. By turning the screw 
b the two balls may be brought together ; and the 
amount of tordon or tinst given to the filament 
of glass, ao aa to overcome the electrical rcfnil- 
aion, is measured by a graduated scale. 

The action of electrical induction takes place 
throiicfh all ?iou-coiidiieting bodies, though not with equal facility, the 
transiiiissioii of the influence bein£r readiest throuirh those substances which 
are the worst conductors of electricity. The ternv dielectrics has been given 
to thoee bodies that permit induetion to take place through them ; but it 
seems to be a useless multiplication of names, since all electrics are also 
dielectrics. The following has been ascertained experimentally to be the 
comparatiYe order of the inductive pover of the prindpal electrics : 




is.n. 



Spbcific ImnrcnvB Capacitt. 

Air 1-00 

Resin • . . , , 177 

Pitch 1-80 

W;ix 1-86 



Glass 1'90 

Sulphur .......... 1*93 

SheUac 1-95 



Though gutta-percha is not included, its indnctiTe capacity is known 
to be greater than that of any other body. 

An important portion of Faraday's Experimental Jieaearclies in jElec- 
tricUif ia occupied with inveatigatiou vespeeting the natnre of indnctive 
aetioa. He has arrived at the conclusionj that induction is a physical 
action occurring between conti^ous particles, never taking place at a 
di-^tnTicc without polansing the molecules of the intervenintr diplpctric, 
causing them to assume a peculiar constrained position, which they retain 
80 long as they are under the coercing influence of the inductive body." 
According to this view of the question, therefore, all the particles of air, 
and of every solid noa-condactor, must assume a polar arrangement, like 
the particles of iron-fiUngs when within the sphere of magnetic attraction ; 
and in this manner act directly, through a chain of contignoua partideSy 
on the bodies in M-hich electricity is induced. 

The property of induction is now adduced to explain every pheno- 
menon of static electricity ; irrespective of the opposing theories of the 
two electricities, or of the mode by irhich inductive aetioa is efiected. 
The phenomena of attraction and r^ulsion are thus explained : the two. 
states of electricity being admitted to exert a mutual attraction on eadu 
other, the induction of negative electricify by positivei and the reverse^ 
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must neoeasarily be attributable to an attractiYe force. The repuleion of' 
bodies similarly electrified is ooiuidered to be caused by attraetiye forces 

in opposite directions, and not by any operating repulsive power exerted 
among the particles of '-nirli liodies. Two similarly electrified pith balls, 
for example, are supposed to diverge iii consequence of each one inducing 
an opposite state of electricity in surrounding bodies, towards which they 
are oonsequently attracted in oppoate directions; the diTergenoe and 
apparent repulsion from each other being occasioned altogether by at- 
traetive forcra. The existence of a negative force, as repulsion may be 
regarded, is indeed opposed to the principles which have been established 
by investigation in other departments of physical science ; and l)y the 
hypothesis of inductive action the student of electricity hi called upon to 
disixiiss the action of repulsion from operating forces, as the student of 
chemistry is compelled to deny the existence of cold as a podtive pro- 
perty. It seems questionablet^ however, whether the texm ** induction** 
has not been introduced unnecessarily, since all the ]^enoinena may be 
regarded as the results of electrical attraction. 

The question whether there are two distinct kinds of electricity, or 
only one kind which is exhibited in diii'erent states of intensity, though 
interoHing in a theoretical point of yiew, is not essential to the explana> 
tion of eMrical phenomena* which may be almost as readily explained by 
one hypothesis as by the other. The analogy of those other powers in 
nature which, though apparently operating as distinct forces, have been 
proved to consist of only one. m well as the more simple character of the 
^us and mimts theory ineliuc stroiiLdy in its favour. 

The foundation on whiuli the iranklmian theory rests is Liius stated 
by Dr. Fk-iestley: "According to this theory, all the operations of elec- 
tricity depend upon one flnid mi ffeneria, extremely subtle and elastic* 
dispersed through the pores of aU bodies ; by which tihe particles of it are 
strongly attracted, as they are repelled by one another. When the eqni- 
libriiim of this fluid in any body is not disturbed, — ^that is, wlien tliere is 
in any body neither more nor less of it than its natiu"al shaie, or than 
that quantity which it is capable of retaining by its own attraction, — it 
does not discoTor itself to our senses b^ any effect. The action of the 
rubber upon an electric distmrbs this equilibrium, oocanoning a deficiency 
of the fluid in one ]rlacf» and a redundancy of it in another. This equi- 
librium being forcibly disturbed, the "mutual repulsion of tbo parti- 
cles of the fluid is necessarily exerted to restore it. If two bodies be 
both of them overcharged, the electric atmospheres repel each other, 
and both the bodies recede from one another to places where the fluid is 
lees dense. If both bodies be exhausted of their natural share of this 
fluid, th^ are both attracted bj the denser fluid existing either in the 
atmosphere contiguous to them, or in oth^ neighbouring bodies ; which 
occasions them still to recede from one another as much as when they 
were overcliargcd."* 

The statement of the theory of vitreous and resinous electricity we 
shall also take from Dr. Priestley^ who, though an advocate for the single- 
fluid hypothesis, haa stated the arguments for and against both with great 
impartiality: 

• Piiettley's Bistoiy of Electricity. 
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" T^ot lis suppose, then, that there are two electric fluids which have a 
strong chemical aflSnity with each other, at the same time that the par- 
ticles of each are as strongly repulsive of one another. Let us suppose 
these two flnids in some measure equally attraeted by aU bodies, and ex- 
isting in intimate union in their pores ; and wbile thej continue in this 
union, to exhibit no mark of their existence. Let us suppose that the fric- 
tion of any electric produce?? a separation of these two fluids, causing the 
vitreous electricity of the rubber to be conveyed to the conductor, and the 
resinous electricity of the conductor to be conveyed to the rubber. The 
rubber will theu have a double share of the resinous electricity, and the 
conductor a double share of the vitreous ; so that upon thb hypothesis no 
substance -whatever can have a greater or less quantitj of electric fluid 
at different times. Tlio quality of it only can be changed. The two 
electric fluids being thus separated will begin to shew their respective 
powers, and their eagerness to rush into reunion with one another. With 
whichsoever of these fluids a nunaber of bodies are charged, they will repel 
one another, and they will be attracted by all bodies which have a less 
share of that particular fluid with which they are loaded ; but will be much 
more strongly attracted by bodies which are wholly destitute of it, and 
loaded with the other. In this case they will rush together willi great 
violence. 

" Upon this theory every electric spark consists of both fluids rushing 
contrary ways and making a double current. When, for instance, I pre- 
sent my finger to a conductor loaded with vitreous electricity, I discharge 
a part of the vitreous and return as much of the resinous, whidi is sup- 
plied to my body from the earth. Thus both the bodies are undectrified, 
the balance of the two powers being perfectly restored." 

Dr. Priestley proceeds to state, with great fairness, the analogies and 
the facts which ma\- be adduced in support of the two distinct electric 
fluids. The combination of two caustic and powerfully-active substances, 
as an alkali and an add, in the form of a neutral salt, in which the pro> 
perties of neither of the constituent parts is perceptible, is one of the ana- 
logies advanced in f ivour of the vitreous and resinous fluids being com- 
bined, and rendered perceptible only when their combination is disturbed. 

It appears from the preceding consideration of the properties of the 
two electricities, that the cause of electrical attraction is the endeavour 
they make to combine and return to a neutral state. Thi^i attractive 
power, whidi is extended in the phenomena of induction to considerablo 
distances, seems to afford svdffident explanation of the cause of those phe- 
nomena, without supposing the exertion of any separate action of induc- 
tive force. And if we concur in the explanation assigned for the mutual 
repiilpinu of negatively-ck . ti ified bodies, attractions of the two electricities 
in opposite directions will su})ply adequate cause for all the phenomena of 
repulsion, without the necessity of supposing that there exists any posi- 
tivdy aeiive repulsive poww in eleetridties of the same kind. 



Digitized by Google 



60 



THE PHENOMEKA OF ELECTBICITY. 



CHAPTEE VI. 

DIBECT DEVELOPMENT OF ELECTKICITY. 

Elflebical mnclunet; Cylinder, Plate, and OuttA Percliar-Influence of points — Expl»> 
nation of the cause — Electricity confinpr^ to •nirfaces — Intensity of machine-excited 
electricity — Inflammation of combustibles by the spark — Resistance of the air — 
Nature of electric discliarge — Disruptive, brush, and glow discharge — Colour of 
fhe dactric qtaik. 

The excitement of electricity by friction with the band is adeqnatc to illus- 
trate the primary plienomena and elementary properties of the electric 
fluid ; but for the exhibition of its powerful effects and more complicated 
actionSi it is requisite to employ other apparatus. The quantity excited 
must be greater in a given time^ and means moat be provided for collect- 
ing and accumulating the deetricily when excited. 

The electrical machines that were used hj Du Fay and Priestley con- 
sisted of a sulphur plobe whirled round on an axis, with the hand ap 
plied for a rubber. The globes of sulphur were supplanted by cylinders of 
glass ; and though that form has in a great measure given place to the 
more poimM {wite-mMilime, the cylinder is so well soSed for purposes of 
general experiment^ that it contannes to be prefeired in cases where no 
tttraordinary power is required. 

Figure 12 represents an approved eonstracfcion of this kind of electrical 




machine. The cylinder a, placed horizontally, is mounted upon sap- 
pOKtB of glass varnished, to insulate it from the ground. The rubber g 

consists of a hair-cushion covered with leather, over which is placed a 
flap of black silk. The cushion is mounted on a glass support, for the 
purpose of insulation when the exhibition of negative electricity is re- 
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(Quired ; and it is adjusted by a screw m, to regulate the pressure on tbei 
cylinder. In the ordinary working of the machine the cushion is con- 
nected by a chain wilii 'the ground, whence the supply of electricity is 
derived. A hollow brass or tin cylinder h, rounded at each end, and 
placed at a short distance from the glass cylinder, serves to collect the 
electricity as it is excited. On the side facing the glass there is a 
row of metal points? which facilitate the collection of electricity ; and 
to prevent it from passing ofi' to the earth, the metal cylinder, called 
the prime conductor, is mounted on a varnished glass support k. For 
the oonyenience of attaching apparatus to the prime conductor, holes 
are made on the top and at one end In some electrical machines a metal 
cylinder similar to that of the prime conductor is attached to the nibber/ 
as represented in the wood-cut, for the purpose of facilitating experiments 
with negative electricity. Tu large cylinder-machines the prime conductor 
is usually mounted on a separate stand, detached from other parts of the 
apparatus ; but moderately sized instruments are generally constructed' 
imh the conductor attached to the same base as the cylinder, an arrange- 
ment being contrived to allow of its adjustment at different distances. 

A cylinder electrical machine of about nine inches diameter is suffi- 
ciently large for ordinary purposes of experiment. An apparatus of that 
size will, under favourable circumstances, fully charge a quart Leyden Jar 
with twelve turns of the handle. 

Little need be said in explanation of the action of this madiine, which 
is only a modification of the means of dectrical ezdtCment by the friction 
of a glass tube with the hand. On turning the handle e, friction is produced 
between the surface of the cylinder and the rubber ; the electrical equi- 
librium is thereby disturbed, and electricity is excited, which, wlien t!in 
prime conductor is removed, pxliibits itself in bright flashes of light rouuJ 
the cylintler. When the pomts of the prime conductor are presented to 
tiie revolviug cylinder, the electricity Is immediatdj transferred to it, and 
it emits sparks to any conducting substance brought near. The electricity 
thus abundantly excited is supplied from the earth to the rubber, which is 
continually having its supply drawn from it by the coercive force called 
into action by friction with the glass. That the electricity is derived from 
that source is evident from the great diminution of quantity when the 
metallic connexion between the rubber and the ground is removed. In 
that insulated state the rubber becomes strongly charged with negative 
electricity, and Bptstka pass between it and any conducting body brought 
near almost as abundantiy as from the prime conductor when in full ad*ioiu 

The rationale of the excitement of electricity by the machine is, ac- 
cording to the Frankliniau theory, very simple. The friction of the glass 
and silk, by disturbing the electrical e([uilibrium, dej)rives the rubber of its 
natural quantity of electricity, and it is therefore left in a negative state, 
unless a fresh quantity be continually drawn from the earth to 8up])ly its 
place. The surplus quantity is collected on the prime conductor, which 
thereby becomes charged with positive electricity. On the hypothesis of 
two electric fluids, tlio same frictional action causes the separation of the 
vitreous from the resinous electricity in the rubber, which therefore re- 
mains rtsinously charged; unless there be a connexion with the earth to 
restore the proportion of vitreous electricity of which the rubber has been 
depnTcdi 
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The electrical exdtemeDt of the machine is greatly incroiacd hj apply* 
ing to the rubber a metallio ooating consisting of an amalgam of zinc, 
tin, and mercury. It is prepared by melting together two parts by 
weight of zinc, and one of tin, with which, whilst in a melted state, six 
parte by weight of mercury are mixed. The mass is shaken well together 
till it cools, and it is then pounded finely in a mortar and mixed with lard 
to the oonflistence of a paste. The amalgam is spread on the eiuhioa 
only, care being taken to prevent it from being spread on the silk flap. 

The effect of an amalgam of this kind in increasing the electrical ex- 
citement is verj' decided, though some difference of opinion exists as to 
the principle on which the action depends. It has been imagined that the 
. amalgamated metals are oxydised during the friction vnUi the rubber, and 
that the electricity is due to chemical action. The more nmple explana- 
tion appears to be, that the eoatmg of metal on the rubber ascdsts in con* 
ducting the electricity from it; The use of the silk flap is merely to pre- 
vent the electricity from discharging itself into the air before it reaches the 
conductor, and it would be unnecessary if the collecting points were l)rought 
near the rubber. The adliesion of particles of amalgam to the silk flap 
is prejudicial to the action of the machine by forming conducting points 
for the dispersion of the ezdted electricity. 




fif.18. 



Plate machines are now much used on account of the greater quantity 
of electricity that can be excited by that arrangement of tiie instmment. 
A disc of glass about a quarter of an inch thick has an axis fixed in its 
centre, firmly supported by two cheeks of baked wood. On the upper 
and lower parts of these cheeks four cushions are fixed, to press against 
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both sides of the glass plate at the top and at the bottom. Small flaps of 
silk are attaehed to the oushioiiB to prefent the eleetrioiiy ezoUed from 
bemg dianpated before it anma at the ooDectiiigpt^nti of the prime eon- 

ductor. The conductor itself is also fixed to the upright cheeks, but is 
insulated from them by a horizontal glass support. Rows of points 
serv e to collect the electricity from both sides of the glass plate, at the top 
and bottom. By this arrangement a much larger surface of glass is ex- 
posed to friction, and two rubbers can be employed on each side of the 
pkte. The anrfiuie ezpoaed to friction in a plate machine with a (j^an 
disc of only one foot in diameter is more than double that of a nine-mch 
cylinder machine. 

The inconvenience of a plate machine, as usually constructed, arises 
from the imperfect insulation of the rubbers, in consequence of which the 
negative electricity excited cannot be exhibited. 

An electrical machine in which 
the exciting sur&oe consisted of 
gutta-percha was shewn amongst 
the philosophical instruments at 
the Great Exhibition. An end- 
less band of gutta-percha A was 
stretched over rollers bb placed 
above each other about two feet 
apart. The rotation of the upper 
roller communicated a rapid ver- 
tical motion to the band of gutta- 
perclia, which was pressed against 
at the top and bottom by hard 
Iiair brushes, c c, that serv ed as 
ntbbers. The deetrieity was ed- 
lected on each side by a brandling 
c<mductor d, armed with points, 
and concentrated in a similar 
manner to the anaogement of the 
plate machine. 

Though we have not had an opportunity of trying the effiset of this 
madiin% we have heard it yery fomurably spoken ol It presents some 
practicd advantages that would make it preferable to glass machines^ 
among which must be mentioned its non-liability to fracture, and the su- 
perior excitability of its surface.* Sheets of gutta-i>ercha may also be 
attached to discs of wood to serve instead of glass in plate electrical 
machines. 

With an electrical machine of any of the kinds mentioned^ most of the 
phenomena of electricity can be ei^bited in a mndi more eonTenient 
manner than by an excited glass tube, and some of them could scarce^ 
be manifested without the aid of such an apparatus. It is requisite, how- 
efcr, for its due action, that the machine should be placed before the fire 
for a short time before it is used, to expel the moisture that adheres to 
the glass and the cushion, and that the insulating glass supports should 

• The Jnm* Beporis of the Great Exhibition, which hare been published mice 
the afaoTo notice ivas witttai, SMke feiy fliToazahle nnsntioii of this machine. 
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be rubbed with a warm silk huidkerchiel ThflM oonditions bieiiig 

attended to, and the rubber being covered with amalgam, the prime 
. conductor will emit sparks several inches in length when the handle is 
turned rapidly. The action of the apparatus will, however, be considerably 
influenced by the state of the weather, whateyer precautions be taken to 
keep it dry. On a fine firosty day the sparks emitted will be longer and 
more abundant than can be obtained when the atmosphere is charged 
. with moisture, because the damp air acta aa a conductor in reatoring the 
electrical equilibrium. 

The peculiar influence of points in witlnlrawing the charge from an 
electrifled body may be readily shewn by fixing a pointed wire to the 
prime condnctor of an electrical machineb' Warn the point ia afctached, 
.the apparatus appears to be deprived of its power of exciting electricity, 
and but few and very feeble sparks will be emitted. The point, in fact, 
dispmws the electric fluid almost as rapidly as it is excited ; and if the 
room be darkened, rays of Uglit will be seen issuing from it into tlic air 
in the form of a cone, of which the point is the apex, the light being 
brighter there, and diminishing as the rays expand. When the point is 
fixed to the insulated rubber charged negatively, the effect is the same 
in the dispersion of the charge, but we appearance is that of a star instead 
of a luminous cone. These diflbrent appearances of the electric light at 
the rubber and at the prime conductor imluced Franklin to infer tliat the 
latter emitted electricity, and was consequently in a ]x»sitive state, and 
tluit the rubber was negatively electrified— -the ^iur and minus hypothesis 
being assumed. 

On presenting tiie back of the hand to a metal point fixed on the prime 
conductor, a sensation similar to that of a small blast of air will be per- 
ceived ; and seyeral kinds of apparatus have been contrived to exhibit the 

action of the force, whatever it may be, that issues from or is induced to- 
wards electrified points. The most simple of these contrivances is the 
electrical jack, which consists of four light pieces of wire j)laced cross- 
wise, and balanced horizontally on a pivot in the centre. The ends of 
these wires are pointed, and are bent in the direction of a tangent to the 
circle described by the apparatus during its rotation on its axis. 

' When attached to the prime conductor, as 
represented in fig. 15, and the machine is put in 
action, tlie blasts from the bent points cause the 
air against which they strike to react on the ap- 
paratus, and to turn it rapidly round ; in the same 
manner that water cr steam issuing from jets simi- 
larly directed turn water-mills and model steam- 
engines, on the primsple of reaction. 

Another and very curious ex])eriment, which 
is adduced as proving the emission of some active 
tg. 15. force from an electrified point, is the following : 

Put a little sealing-wax at the end of the pointed 
wive A, fig. 16, and whilst the machine is in action melt the wax. A 
thread of sealing-wax finer than a spider^s web will then be propelled 
from the point ; and if a piece of white paper be held near, the convolu- 
tions of the web-like filmn, as they overlap each Other, produce a remark- 
able and sometimes a beautifui efl'ect. ' 




Digitized by Google 



DIRECT DEVELOPMENT OF ELECTEICITY. 



6d 





fig. 16. 



It might be suppose^ if electridty be 

emitted only from the positive prime con- 
ductor, and the insulated rubber be elec- 
trified negatively, by having its natural 
share of electricity abstracted from it, that 
there would be no emission from the point 
fixed to the rabber, but rather an influx 
towaids it This, however, is not the 
case; for the phenomena of propdling 
wheels and projecting sealing-wax iila- 
meuts occur whether the point be positively or negatively electrified. This 
is one of the dithcult^s which the advocates of the pba8 and minus states 
of dectricity have to contend with ; for the phenomena of equal apparent 
emission from negatively electrified points appears to support the original 
hypothesis of Du Fay, that there are two distinct electric fluids. To 
account for the apparent anomaly, it is said that the effect of propulsion 
is not produced by the emission of negative fluid from the point, but 
that it is caused by the mutual attractions always subsistiiisjT between 
bodies iu opposite states of electricity. The seeming emissiou of air from 
points fixed on eitho- of tits oondnetors of tiie dleetneal madiine is merely 
« seeondaiy and a mechanical effect produced by the air bdng put in 
motion by the oontinuous discharges from the points. 

The cause why points exert such powerful influence in the discharge 
of electricity has been explained by the researches of . CoiiloTiib into the 
distribution of electricity on the surfaces of l)odies of flift'erent forms. On 
a sphere, every part of the surface being equally distant from the centre, 
the' distribution of electricity is equal j but the more the shape of the body 
departs from that of a sphere, the more unequally is the electricity dis- 
tributed. M. Coulomb insulated a metal rod, two inches in diameter and 
thirty inches long, with hemispherical ends ; and having charged it with 
electricity, he found that at a distance of two inches from the end the 
electricity was to that in the middle of the rod as 1^ to 1. At one inch 
from the end the proportion was as 1^ to 1, £Uid at the extreme end it 
was 88 2^ to 1. It appears from the results of his experiments that 
the intensity of the electrical charge increases in a very rapid proportion 
towards the edges of an insulated conductor ; that it augments still more at 
the corners; and that when points projoet, their extremitieB concentrate 
the electricity with great additional intensity. 

By the aid of these experiments, the cause of the escape or discharge 
of electricity from points may be readily inferred. The non-conduct- 
ing air which surrounds an electrified body resists the escape of the. 
diectancity in proportion to its pressure on the surface, the amount of 
resistance being in an inverse ratio to the intensity of the electric force. 
If, thcrefon', the force be concentrated at a point where the amount of 
surface-resistance to its escape is reduced to the smallest qnnritity, the 
concentrated force meets with comparatively little obstruction, and rapidly 
rushes towards the surrounding bodies which are exerting an attractiye 
power on the excited electricity. 

One of the many effects of electrical, induction is the distribution of 
static electricity entirely on the surfaces of conductors. The electricity 
communicated to any substance induces an opposite state of electrical ex- 
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citement on surrounding bodies, 
and the mutually attractive in- 
fluence draws all the electrie fluid 
to tUe surface. Thus uu insulated 
hoUow liall, hffwmt thin its sub- 
Btanoe^ will oontain a efaargB of 
electricity, equal to tbat of a solid 
ball of the same size, all the 
charge being distributed, in either 
case, on the surface alone. An experiment contrived by M. Biot ttffords 
a very satisfactory illusLration of the distribution of electricity ou surfaces. 

Let a metal globe a, fig. 1 7, be suspended by a rilkeu cord, and com- 
municate to it a charge of electricity. Two hemispherea b» tbat wiU 
exactly enclose the globe, should be insulated by glass handles, and placed 
over it when thus charged, so that the exterior surfaces of the hemispheres 
may become the outside of tlie globe. Under these circumstauces, the 
whole charge of electricity will be transferred from the globe to the hemi- 
spheres; and when they are removed by the glass handles, all the electricity 
of the globe will be dischaiged, and will be retained on the exterior surfaoea 
of the hemispheres. 

The intenor sur&ces of hollow vessels haye not any electricity dis- 
tributed on them, because there is no opposing surface on which the elec- 
tricity of the opposite kind can be induced. The inside ot a hollow metal 
globe, for example, has opjjosed to it only the metal already cliargcd with 
electricity of the same kind as its own ; consequently, there can be no 
indnetive action on such surface. The absence of dectridty from the 
inside of diarged metallte vessels may be shewn by electrifying a metal ice- 
pail or a pewter pot placed on an insulating stand, and Uien lowering 
into it a metal ball suspended by silk, allowing it to touch the inside. 
When the ball is withdrawn, it will not indicate the least trace of elec- 
tricity ; but if it be then applied to the outside of the metal vessel, it will 
acquire aud curry away a large portion of the charge. 

A more stinking exempUfication of the difiunon of elec- 
tricity exclusively on the ontsides of vessels is afforded 
when, instead of a solid metallic vessel, a cylinder formed 
of wire-gauze is employed. Let the insulated ball b be 
lowered into the wire-gauze cylinder A, lig 18, when elec- 
trified aud mouuted on an insulating stand, and it may 
touch every part of the interior without receiving any por- 
tion of the dectricity with which the ^terior suruoe is 
charged, though the sUj^test touch on the other side of 
the open wire mesh would communicate its electficity to 
the ball. 

When a wire-gauze cover is placed over an electrometer, 

it effectually prevents the gold leaves from being afiected 
by excited electrics, and it is customary to cover all deli- 
cate instruments of the kind with a metitllic net, to protect 
^ them from injury by too violent action. 
Sg. 18. The fact that by increasing the surface of any body 

charged with electricity the intensity is diminished, was 
known to Dr. Franklin, who illustrated this absorbing influence of exr 
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fig. 10. 



tended sor&oe by eleebifyiDg a dialn huaped, iogetber <m an insulating 
stand, and then drawing part of it upwards by a silk thread. When 
the sui&oe capable of being surrounded by an electrical atmosphere was 
thus increased, the intensity of the charge was diminished, and by lowering 
the chain again the original force was regained* 

Another mode of shew- 
ing the efi'cct of enlarging 
the surfiiuse is to wind a 
strip of tinfoil round a 
small insidatad wooden cy- 
linder, as represented in 
the annexed woodcut. 
When a charge of electri- 
city is given to the metal, 
the pith-ballB a, a diveige. 
Take hold of the small 
piece of ribbon b, and draw 
some of the foil from the 
cylinder, so as to expose a 
large surface, and the balls 

collapse. On winding the foil again on the i^linder the balla again di- 
■veige. It is evident, theteforoi^ that the quantity of electricity undergoes 
no change by the altered state of the sur&oes, but that the intensity is 
diminished by the same quantity being diffused over a larger space. The 
difference in effect produced by expanding or contracting the surface over 
which a given charge of electricity is difiused will be further noticed when 
we speak of the electrical battery. 

Though the electrical charge rendes on the soi&oes of conductors, it 
does not exist as an atmosphere of electricity around them, as was for- 
merlv imagined ; but it seems to be confined within the external surface. 
No difference is made in the distribution of electricity on metals when a 
part or the whole surface is covered with varnish, or even with a thick 
coat of wax. 

The electricity excited by the electrical machine is in a lu|^ rtate of 
intensity ; but the quantity is comparatively small Its conoentiated enngy 
enables it to force a passage through the non-conducting air to a greater 
distance than when collected in much larger quantities in a lower state of 
intensity; but the physical effects of the long spark emitted are only 
feeble. They are sufficient however to shew, in addition to the general 
phenomena of attraction and repulsion which we have noticed, the igniting 
power of electricity in some of the more Inflammable substances. If spuits 
of wine be warmed in a metal spoon, and 
a spaik from the conductor be made to 
pass through the spirit, it wiU be instantly 
set on fire. This experiment appears the 
more curious when the spark is passed 
from the finger of a person placed on an 
insulating-stool. 

Hydrogen gas may also be inflamed 
by a spark. For performing this experi- 

ment in tiie most efficient manner^ an electrical capnon or pistol is con* 
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structed. It consists of a brass tube, about oue inch in diameter and six 
inches lon^, cl(jsed at one end. A i)iecc of wire a, fig. 20, that is to 
conduct tiie electricity through the gas, is introduced into the tube^ but is 
insulated from it by ivory or wood, h. 

The most convenient way of charging the pistol is to attach a tube to 
a bhidder cootaining an explosiye mixture of hydrogen and oxygen gases, 
to insert it perpendicularly into the mouth of the pistol, and then, by 
gently squeezing the bladder, to force the gas out. In this way the atmo* 
spheric air is displaced, and the cannon is charged without wetting the 
insulating ivory. The opeu end is then closed with a cork whilst the pistol 
continues to be held inverted, to prevent the escape of the hydrogen. On 
taking a spark from the machine through the wire, the gas explodes with 
8 loud report, and propels the cork to a considerable distance. 

In charging the pistol in this, manner from a bladder filled with an 
explosive mixture of hydrogen gas, care should be taken not to allow a 
lighted cnndle to be brought near. From neglect of this precaution on one 
oi'casion, an accident happened to the author that ])rodiieed considerable 
alarm. He was tilling a gun-barrel with explosive gas from a bladder 
held under his arm, when, in consequence of approaching too close to the 
candle, the contents of the bladder exploded, extinguishing the lights and 
stunning his arm and side, though it did no serious damage. 

The resistance offered by air to the passage of electricity may be very 
beautifully illustrated by sparks from the machine. If the air were a con- 
ductor there couUl he no manifestation of electrical j)heuomena, for the 
equilibrium would be restored as quickly as it was disturbed; but the 
r^stanee of the air serves to retain the exdted electricity on the aur&ces 
of electrified bodies. When the electricity possesses sufficient intensity to 
force its way through the resisting air, the discharge is accompanied by a 
bright spark. If tlie machine be powerful and in good order, sparks eight 
or ten inches long may be obtained, which, in overconiiug the resistance 
of the non-conducting medium, are diverted from a straight path and 
describe a ziz-zag course, resembling a flash of forked lightning. 

Iliat the redstance' 
^ ^ to the passage of dec-. 
" tricity fix)m body to 
body is caused by 
something more than 
by the intervening space, is proved by the facility with which electrical 
discharge is eftected through vessels exhausted of air. For instance, let a 
glass tube c, fig. 21, about three inches in diameter and two feet long, be 
fitted at each end with a brass cap, to which a wire and a brass ball are 
attached. At the md B there is a screw to fit on to the air-pump, 
by wliich the tube may be exhausted. On applying one end to the 
j)rime conductor, and the machine is put in action, the electricity passes 
readily through the partial vacuum, and is discharged through the tube. 
When the experiment is performed in the dark, the interior of the* tube 
will be ohseryed to be luminous with beautifiil purple-coloured flashes^ 
whidi present a miniature resemblance to the aurora borealis. 

If the air be gradually admitted whilst the machine continues in action, 
and the tube be removed a short distance from the conductor, so that 
sparks may pass between them, the resistance to the electricity will in- 
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crease as the air is admitLeti, until the sparks can no longer force a pas- 
sage. At an early stage of the re-admisBion, whea tibe air is still greatly 
attenuated, the eleetric spark will pass tlurougfa like a Imll of light, 
moving comparatiyely slowly, so that its fonn and course may be dis- 
tinguished. This very interesting experiment, which requires a little 
address for its perfect development, exemplifies tlie phenomena of meteors 
or "falling stars" in the upper regions of the atmosphere, where the air 
is less rarefied than in the higher fields of space where the aurora cor- 
uscates. 

Faraday has examined with great care the yaricms kinds of else* 
trieal discharge, with a view to establish his theory of induction ; and he 

has succeeded in accumulating a great number of interesting facts con- 
nected with tlie transmission of electricity through resisting media. Fara- 
day's theory of induction, as we have before stated, supposes that the 
paitides of non-conducting bodies, when acted on by an electric force, 
assume a polar state, and form a chain of contiguous particles, each one of 
which has a positive and negative end. This polarised diain of particles, 
it is assumed, extends from the excited electric through the air or other 
non-conducting body, and induces in the nearest conducting body a state 
of clectricitv opposite to that of the coercing force. In proportion as the 
particles of different substances possess the power of communicating elec- 
tzidty to each othor, tiieir tendency to assume a polar condition dimin- 
ishes; and, on the other hand, the greater the non-conducting property of 
the particles, the more strongly will they take the polar direction. In 
other words, induction can only take place across insulating substances, 
and the inductive action is more or less readily assumed according to the 
power of conducting electricity. 

Applying this theory to the explanation of electric discharge through 
renstmg media, Faraday assumes that there is a limit to the influence 
which tihe intervening <£ain of polarised particles possesses in retaining 
the attracting forces apart, and that when any of the contiguous partides 
have attained their highest degree of polarised exaltation, they can no 
longer resist the passage of the electric force. Thus 
when one or more links of the chain are subverted, 
the two forces cannot be restr^ned. Eveiy case of 
discharge is tiierefore preceded by inductive action 
which coerces the insulating particles into a polar state, 
until they are restored to their natural condition by 
the overpowering attraction of the combining forces. 

The electric spark is considered " as a discharge or 
lowering of the polarised inductive state of many di- 
electric particles by a particular action of a few of the 
particles occupying a very nnall and limited space, all 
the previously polarised particles returning to their first 
or normal condition in the inverse order in which they 
left it, and uniting their powers meanwhile to produce, 
or rather to continue, the di.>( harge effect in the place 
where the subversion of force first occurred.' 

The sudden restoration of the electrical equilibrium 
by the mutually-«ttcacting forces bursting through the 
intervening non-oon4uctiDg spaoe, is termed diBnipUise diiAarge. It may 
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take pkoe eitilier in the form of a spark or in a aeriee of rapidlj-mtermit- 
ting oiflcbaigea, ao near together as to appear continuous. The latter ia 
called the ^ud^ dU(^arg» (fig. 22), from the form of its Inminoua ooms- 

cations. 

To produce the brush discharge with effect requires the machine to be 
in good order, and the intensity of the electricity on the prime conductor 
to be increased by adding to it a projecting rod with a rounded end. The 
dSachaige takes place from the^end into the air, or to any conducting body 
hron^t near, and it ia accompanied with a continuous roahing noise. 
Frofeaaor "Wheatstone has proved that the sound is produced by a rapid 
of disruptive discharges, and that the ]>nisli of light observable 
in a darkened room is resolvable into a number of brushes, each 
of which indicates a separate and instantaneous discharge ; 
though the discharges are so rapid as to mingle together in 
one luminous expanding cone, with a bright apex near the 
diacharging conductor. 

The difierence in the appearance of the brush diadiaige 
froni the positive and negative conductors is very observable. 
The brushes obtained from the negatively-charged conductor 
(fig. 23) are shorter, and the discharges are more rapid, "being- 
seven or eight times more numerous in the same ^ieriod thau 
those produced when the rod was charged positiTely to an equal 
degree."* 

Another form of discharge is obtained when a fine poin^ 
fif.fS. instead of a blunted thick wire, is attached to the prime con- 
ductor. In that case, tlie ex]>anding brush accompanied with 
a rushing sound gives place to a small pencil of rays, which 
: f f produces a steady light. This has obtained the name of the 
glow dit^arge, a, tig. 24. It is probable that even this 
steady and noiselesB diacharge may be readved, like that 
( if the brush, into an innumerable quantity of intermittent 
discharges, mingled together BO intimately as to be aepar 
rately indistinguishable. 

When a fine point is attached to the insulated rubber of 
the machine, the light presents the form of a star, b. 

The light of electric spark yaries as it paasea 
through different media. In air the aparks haye that in- 
tense light and bluish colour which are so well known, and 
often have faint or dark jinrts in their course when the 
flg.24. quantity t)f electricity is not great. In nitrogen gas they 
have more colour of a bluish or purple character; and 
Faraday considers them remarkably sonorous. In hydrogen, the colour 
is crimson ; in oxygen, whiter than in nitrogen, and not so brilliant; in 
carbonic acid gaa similar to air, but with a gteen tinge, and remarkably 
irregular; in coal gas the spark is sometimes green, sometimes red, and 
occasionally one part green and another red, and the black parts occur 
very suddenly. These various colours of the spark in different gases are 
considered by I'aiaday to be attributable "to a direct relation of the elec- 
tric powers of the particles of the dielectric through which the dischar 
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occurs, and are not the mere results of a casual ignition, or a secondary 
kiad of action of the electricity upon the particles which it £ads in its 
course, and fhrotte aside in ite paasage.*** 

The brush discharge alflo exhibits peeidiar characters in the diffiBrent 
gases, the effect in nitrogen being finer in form, light, and colour than 
in any other gas, and evolving a greater quantity of light. The peculiar 
character of nitrogen in relation to the electric discharge must, it is sup- 
posed by Faraday, have an important influence over the fonn, and even 
the occurrence of lightning, as that gas, which extends its discharge farther 
than any other, oonstitotes four-fifths of the atmosphere. 



CHAFTER TIT. 



ACCUMULATED ELECTRICITY. 

Til© Leyden jar — Its con^tniction and mode of action — The amount nf electricity 
always constant — Chain of Leyden jars self-charged — The charge in the glass, and 
not iu the coating — Charged plate of glass — Electrical batteries — Intensity of force 
diminithed hj wtanfam— Residual cbaige— Lateial chaigs : its came and aflbeti-- 
Diatribution ofdectiidty dniingdiaebaiga — UmTen8ldiaehais«r---l4uia'adiadiaiger 
— Quadiant electrometer. 

The power of accnnndating electricity by means of the 

Leyden jar has placed in the hands of electricians a force 
of almost unlimited extent. In our sketch of the histoiy 
of electric science, we have already adverted to the nature 
of the apparatus. As at present constructed, it consists 
of a thin glass jar a, fig. 25, coated within and without 
with tin-foil, which reaches to abont three inches of the 
top. A wooden cover b serves as a support to a straight 
thick brass wire c, that passes through the centre of the 
cover, and has a metallic connexion by a chain or wire 
w^ith the interior coating. This wire rises a few inches 
above the cover, and is surmounted by a hollow brass ball, 
which is screwed on to the top of the wire to prevent the 
dispersNML d the electricity from the end. The sises of the 
jars vary from half-a-pint to ten gallons. One holding 
about a pint will give a shock as strong as most persons like to receive. 

To charge a jar with positive electricity, connect its small brass ball 
with the prime conductor of the machine, and make a connexion between 
the outside coating and the ground. When fully charged, it will give in- 
dications of its electrical condition by a muttering sound ; and in the dark, 
rays of li^^t will be seen issuing from the edges of the tin-foil and tcum. 
thebaU. 

The notion of Muschenbroeck, which led to the discover}^ of the Leyden 
jar, was to collect electricity within a phial to prevent its dispersion, and 
thereby to store np an increased quantity of the electric fluid ; but it is 
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now ascertained that a jar wlien }afjtlj ehaiged does not oontain more 

electricity than it did before it was applied to the conductor. The effect 
produced by charging is not to increase the quantity, but only to disturb 
the natural electricity previously present in a latent state on the inside 
and outside of the glass. There is injected into tlie inside, by connexion 
with the electrical machine, an amount of j)08itive electricity, whilst an 
equal amount of negative electricity is driven from the outside by the 
force of electrical induction ; and unless the electricity on the outer sur&ce 
of the glass can be &us driven off by affording it a connexion with the 
ground, the inside cannot receive a charge. 

Let a Leyden jar be insulated from the earth by placing it on a glass 
stand, ntul it will receive scarcely anv electricity from the conductor : not 
more than equal to the quantity which can escape from the outside to the 

surrounding air. If the knob of another 
/ insulated jar be connected with the ground, 

^ and the outside coatings of the two jars he 

brought near together, sparks will then 
pass rapidly from the prime conductor to 
tlie knob of the first, and they will also pass 
as rapidly between the outside coatings of 
the two jars. In this manner both the 
Leyden jars become charged, and it will be 
found that they are charged equally, but 
with electricity of opposite kinds. The 
first one, that derived its electricity directly 
from the prime conductor, will be charged 
positively; the second, that derived its 
chaige from the dectricity escaping from 
the inoh to the ground, will be negative. 
Sf. 16. Place the two jars on the table, and sus- 

pend between them a pith ball b or other 
light substance, and it will be attracted alternately from one to the other 
in rapid vibrations, clearly shewing that the electricity in the two jars is 
of opposite kinds. 

The phenomena that occur during the charge of a Leyden jar have 

been adduced as evidence in support of the Franklinian theory of a single 
electric fluid, the outside being supposed to he in a minus state after part- 
ing with its natural quantity to the other jar. But the phenomena are 
exphcable also on the hypothesis of two fluids, it being assumed that they 
are separated from their neutral state by the coercing force of the free 
electricity communieated to the inside of the jar. 

Franklin attempted to apply practically Uie charging of one jar from 
the escaping Electricity of another. He inferred, that if a series of insulated 
jars were arranged with the outside coatings and knobs alternately touch- 
ing, the coating of the last one being connected with the ground, that by 
this arrangement the j)Ositive electricity expelled from the outside of the 
first jar would charge the second ; that the electricity from the outside 
of the second would charge the third positively^ and so on to any num- 
ber ; and that an immense electric force might be thus accumulated from 
the same quantity of dectrioi^ that is re<|uired to charge a single jar. 

Let ABO represent a- series of three jars, ▲ and b being mounted on 
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itaflQUting gkon itandfl. Oa 
making connexion firom the 
prime conductor of an electri* 

cal machine to tlic knob of A, 
that jar will be charged posi- 
tively, and an equal amount of 
eljBctricity will be expelled from 
the outside into b, whi^di vill 
«ko be positively changed. The 
third jar C will in like manner 
be charged from the outside 
of B, and the electricity which 
was expelled from a, on arriv- 
ing &t the outside of the last 
jar of the series, wiU be con- 
ducted to the earth. ^ tit. 

To effect the discbarge of 
a jar, it is requisite that a connexion be made between the positive fileQ-> 
tricity within and the negative electricity without, so that the equilibrium 
may be restored. Now if a metallic connexion be made from the knob of 
B to the knob of a., there will be a discharge of the first jar only; for 
though the connexion is made^inth the knob of none of fhe positive 
electricity wilhin can be discharged, for it is restrained by the coercing 
force of the opposite electricity on the outside. If metallic connexion be 
made between the outside of r sukI the knob of A, both those jars wiU be 
discharged, and the third will remain charged ; but by bringing a wire 
from the out&ide of c to the knob of a, the three jais will be at once dis- 
charged. 

We haire been led away by the phenomena exhibited in charging tiie 
Leaden jar from the consideration of the cause <jf its accumulating elec- 
tricity, and discharging the force instantaneously. We have stated that 
the cause depends on inductive action operating through the substance of 
the non-conducting glass. Exemplifications of this action through glass 
have been previously given. It wa^ shewn that a pane of glass when ex- 
cited by friction on one side, has negative electridty induced on the other, 
and that a glass tumbler may be charged with dectricity by exposing the 
uudde to the influence of an electrified point, whilst the outside is grasped 
by the hand. The electricity thus collected on the surfaces of the pane of 
glass and the tumbler is sluggish in its action, and is dissipated by slow 
degrees, on account of the non-conducting property of the glass surlaces ; 
but if metal plates be applied on each side of the pane of glass, the elec- 
tricity is instantly concentrated at any point, and on connecting tiie two 
aor&cefl with a wire, a discharge takes place, exactly as in the Ijeyden jar. 
The charged tumbler might also be converted into a Leyden jar by the 
application of interior and exterior casings of metal foil, to serve as con- 
ductors, to r;oncentrate at any point the electricity diBtdbuted over the 
surface of the glass. 

To prove most conclusively that the charge of a Leydtu j n is retained 
on the surfiMse of the glass, and not in the metallic coatings, Leyden Jars 
are made with tut inade and outside casmgs, so contQved that they may 
be Moily remored. Ajar of this Idndi when charged and phced on an in* 

F 
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Bulatiiig ttmA, nifty hftve ih» nwtal easingB rcmoyed and otiurs substituted 
for them ; yet afta this change the jar will be foond to retain its charge. 
The metal serves only to conduct the decfciioitj aumikaJMOiudjr ftcm. all 
parts of the glass. 

A plate of glass affords the most 
convenient mode of illustrating that 
the deetrieal diaige if retained hy 
ihe glass and not hj the metal. Let 
a pane of glass A ik, fig. 28^ about 
one foot square, be covered on one 
side with tin-foil, and laid horizon- 
tally on the table. To the other 
side apply the insulated metal disc 
c of an deotropliorus ; conneot the 
— disc with the prime oondnetor, and 
a few turns of the ^ machine will 
charge the glass. Remove the disc 
by the insulating handle b, and it will manifest scarcely any trace of elec- 
tricity. Let the same or another disc be again applied to the surface of 
the glass, and on making connexion between the metals on the opposite 
odes a strong discharge will ti^ plaoe. A moTable metal disc might 
beiqpplied to each surface of the glass with similar results; but the ar- 
zangement indicated in the figure is more convenient. 

When a more powerful charge of electricity is required than a single 
jar will retain, several are combined to form an electrical battery. For 
convenience, the jars are placed in a box with divisions, the bottom being 



^ c 




cm 


■ 
















fig. 29. 

lined with tin-foil, to make connexion with all the exterior coatings. The 
knobs of the jars are connected together by wires, as represented iu 
fig. 29 ; and there is a metal hook projecting from the side of the box 
connected with the tin -foil lining. Thus all the interior and all the outaide 
coatings of the jars are connected ; and when communication is made 
between the prime eondnetor and any of the Imobs ni the jars the wbblfr 
are simultaneously diarged. They are also discharged simultaneously bj 
nikiDg connexion between the projecting hook and any one of the ksobiu 
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The oombinatioii of acYeral small jars is found l)etter than bftring a 
smaller numLer of large ones, because the tbickness of the glass necessarj' 
in jars of large size ob^^tnicts induction through it. By an arrange- 
ment of many jars, an nriiouiit of electric force may be accumulated that 
would almost equal the destructive power of lightuiug. The battery used 
by Faraday in lus ezpeiuiumts oonnited of fifteen equal jars^ coated eight 
incbes upwards from tiie bottom, and twenfy-ibree inches in ciivom- 
ffiomu^ ; so that each oontained 184 square inches of glass ooated on 
both sides, independently of the bottoms of the jars, which were of thicker 
glass, and contained each about fifty square inches. The total coated 
surface of the battery consequently comprised 3500 square inches of 
coated surface. The electrical battery at the Polytechuic Institution 
exposes a coated snr&oe of nearly eighty square feet. To recaye the Ml - 
charge of such a battery wodld be instant death. A battery of nine quart 
jars is sufficient to exhibit the deflagrating effects of electricity on a small 
scale; nor would it l)e safe to receive a shock from a battery of that size. 

It is a fact deserving consideration that the accumuhition of quantity 
duuinishes the intensity of electricity. For instance, an electrical machine 
when in good action will emit sparks four inches long. When a Leyden 
jar is digged with twelve soeb apatksy the aocomnkted electricity will 
not iome its }iassage through more than a quarter of an inch; and if the 
same quantity be distributed among the jars of an electrical battery, the 
dischnrtye vn]] not taTvO place through the eighth of an inch. The quantity 
of electricity is in each case the same, but the state of intensity diunnishes 
in proportion to the surface over which it is difiiised. The diti'erence 
between quantily and intensity is still more remarkably manifested in the 
^efferent eonditums of frictional and voltaic electricity, as will be subse^ 
-quently noticed. 

One of the peculiar phenomena of the electrical battery is the residtud 
elarrfc. When communication is made between the inside and outside 
coatings of a battery consisting of several jars, the whole of the electricity 
is not immediately discharged. On again making connexion between the 
inside and outside coatings, after a abort int^al, a second discharge wiU 
oeeor; which, though comparatively feeble^ might occasion a disagieeable 
shock. The cause of this residual charge is partly attributable to the 
accumulation of electricity on those parts of the jar just above the metallic 
coating ; which portions, not being in direct contact with the metal, are 
not conducted with equal rapidity. Part of the charge also enters into 
the pores of the giasi>, and is thus removed from immediate contact with 
the metal. 

The amplest kind of instroment employed for ^charging a Leyden 
jar or an electtical battery is a thick curved pi^ce of brass wire, fitt^ 
with a f=imall ball at each end. One of these balls is applied to the outside 
coating, aud when the other is brought near to the knob of the jar tlie 
electricity instantly passes througli the wire with a smart snap or report, 
connexion being thus made between the two charged surfaces of the jar. 
When, however, a disdiarger of this kind is employed for an electrical 
battery a alight shock is felt, owing to what is termed the iaieral dk- 
diMrge; therefore, to avoid the inconvenience and the danger that might 
Arise from holding the wire in tli6 hand, an insulated wire i=! genomlly 
«mployed. Ita form is represented in fig. as applied in discbaiyog a 
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Ley den jar. Two thick brass 
wires aa, ot equal lengths, and 
tenniDated with braaa baUs, are 
jointed together at c for the con- 
venience of adjustment, and are 
cemented to a glass handle b, 
which serves to insulate the wires 
from the hand, and prevents the 
liability of any perceptible portion 
of the charge being xeceiTed by 
the operator. 

fig.**. There has been much discus- 

sion among electricians on the 
subject of lateral discharge, in reference more particularly to the safety of 
lightning-conductors ; we shall therefore notice in this place the cause of 
tile phenomenon. 

It is the case with dectricity, even to a greater extent than with all fluid 
bodies* that it will discharge itself into erery channel that is open to it. 
Thus, as in a mountain-torrent some portion of the water will deviate 
from the straight and broad course into circuitous and narrow crevices, so 
will the highly tensive electric fluid force its passage through every con- 
ducting medium, even though the course directly open to it appears to 
offer a free passage. It must be borne in mind, howem, that as every 
water-course offers some obstruction to the current^ so does even the best 
conductor offer resistance to the electric fluid ; some portion of which is 
consequently diverted through every conducting substance by which it 
can be transmitted. Thus, when a Leyden jar is discharji^ed with an insu- 
lated wire, a small part of the charge passes through the circuitous and 
temparatively obstruetlve coniM dBSend by the body of the operator, by 
the floor, and by the table wheteon the jar is placed. In the case of a 
single jar, the quantity of dectridly that passes in that direction is imp^ 
ceptibly small ; but when several jars are combined, the lateral discharge 
may become unpleasantly strong, especially if the wire of the discharging- 
rod be not very thick. Even when an insulated discharging-rod is 
employed, we may infer that some portion of electricity will force its 
way along the glass; but it is so infinitessimally small as to be inap- 
preciable. 

Applying the experience and infSBrenoes deducible from experiments 
with the electrical battery to the more powerful effects of lightning, we 
are led to consider that every flash of lightuinj^ must be accompanied by 
lateral discharge, and that the quantity thus diverted from the direct and 
easiest path between the clouds and the earth will depend on the amount 
of xesistanoe which that 'direct course oflfers. Therefore, though lateral dis- 
diaige must, to some extent, always occur, it may be rendered entirely 
innocuous by a sufliciently thick and unbroken lightning-cmductor. In the 
Report of a Committee appointed by the House of Commons to examine 
the plan produced by Sir William Snow Harris for protecting ships from 
lightning, several eminent scientific men expressed their opinions that no 
Itttend wscharge could occor with uninterrupted oondnctom of sofficient 
thicknei. These opinions could, however, only have had reference to 
imy possible danger likely to arise from the diviwon of the diaige in 
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otkar iBveetions ; for it has been sstu&ctorily proved, th&t during an dee- 
trie dkcharge and the transmiarien ef an electrie enrrent, some portioiis 
viU be diverted into evevy possible patL. 

Reverting to the consideration 
of the electrical battery and the ap- 
paratus connected with its applica- 
tion, we must notice particularly the 
^uniTenftl discfaaiger** aa an Inatra- 
ment of veiy goieral ntilitjr in elec- 
trical experiments. It consiataefa 
wooden base a, into which are in- 
serted three upright pillars. The 
two outermost pillars are of glass, 
for the purpose of insulating the ball- 
and-flo<&et joints c c, through whidi 
InwB. rods b b slide, so aa to bring 
tiiem to any lequired distance on the small table 
D, wliich is supported on the central pillar e. 
The tiible may be raised to any height, and 
fixed by a screw. The outer coating of the Ley- 
den jar or battery is connected with one of the 
rods, and the insnlated diachaiger h&n^ con- 
nected with the other by means of a cbun, the 
charge of the battery is thus very conveniently 
sent through any substance ])laced on the table 
between the ends of the two rods. 

Lane's discharger is freciuently very useful 
In connexion with the preceding instrument, as 
it is sdf'ecting, and transmits a succession of 
ehaiges of regulated power. Fig. 32 will aSRtrd. 
a coireet idea of the construction of this appa- 
ratus. A bent glass rod c is attached to the wire of a 
Leyden ji\r, and on the top of the bent arm is a brass ball, 
through which the horizontal wire D slides, so as to regulate 
the small hall at the end <tf it to any reqaired distance from 
the knob of the jar. A wire or chain B.oonnecto the hori- 
aontal wire with the outside of the jar; and in its course 
may be placed the universal discharger or any substance to be 
operated on. It is evident from this arrangement that the 
discharge of tlic Leyden jar will take place whenever the 
electricity has attained a degree of intensity suflicient to over- 
come the resistance of the air in the space between the knob 
of the jar and the ball of the discharger ; and by the proper 
r^^lation of that distance a succession of charges of nearly 
equal strength may be transmitted without any interference 
with the apparatus. This kind of discharger is sometimes 
attached to the prime conductor of the electrical machine as 
a more convenient mode of appliance. 

For ascotaining tiie intensity of charge, an instrument ^* 
constructed on the principle of the pith-ball electrometer is usually at- 
iached to the prime conductor. It is called Leslie's quadrant electrometer. 
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re^v«8eiited in fig. 33. The pHb-ball A, attached to a light but rigid stem 
c, is fnfpended nom the upright eondocting pillar b, and is repelled pro- 
portionally to the intensity the electricity in the Leyden jsr or battery 
connected with the prime conductor. The quadrant i> is graduated to 

mark the degree of repulsion. nnA by this means, nnd with the aid of 
Lane's discharger, the intensity ol any charge or succession of cliarge& 
may be known a^id regulated. 



CHAPTER VIII. 

MI8C£LLA2i£OU8 PBOFERTIES AND EFFECTS. 

The electric «hock : its physiological effects— Heating power of the electrical batteiy — 
AU electrical eflisots consequent on leabtance— The electric fig^t : its Instaiitftiieoiis- 
duration cslculate^— Hagnetuing and dectnnpoitng power of static electricity. 

Xeaely all the propertit^ of accumulated electricity may be exemplified 
hj means of a cylinder machine of nine inches diameter and a battery of 
nine quart jars, asnsted -with the accompanying apparatus which we have 
described. Many of the phenomena we are about to notice req[Dire only a 
single jar for their development. 

The sudden contraction of the muscles by the peculiar action of elec- 
tricity on the nerves is at all times startling and disagreeable, and when 
liio deuiiation of the shock was q[uite novel and the consequences unknown, 
it was calculated to excite fear, though we now ridicule Ae exaggerated 
accounts &at given of the sensation. We have already noticed the re- 
markable effect of a charge sent through the brain, as described by Br. 
Franklin in his dangerous-seeming experiments ; but without venturing 
on such powerful charges as he distributed without fear, the sudden loss of 
muscular power maybe illustrnt<- il 1*} sending a comparatively small shock 
from u single jar through the spiau. When a powerful charge is sent 
through the lungs it is said to csnse a violent shout ; and a mudi smaller 
' enlarge through the same oigan occasions involuntaiy lau^ter. The de* 
rangement of the nerves by the sudden shock lias the elect of causing^ 
in ner%'ons persons, continued trembling of the limbs for some time after- 
wards ; and a frecjuent repetition of shocks is by no means desirable. 

When the powerful influence exerted by electricity on the ners'ous 
system was lUscovered, great hopes were entertained tiiut it would prove 
a vahiahle remedial agent Theie hopes have, however, for the most part 
been disappointed. Severid instanoeiy Indeed, are recorded of wondoM 
cures effected by electrical agency, though they seem to have been more 
dependent on the imagination than on the direct influence of electricity. 
In cases of chronic rheumatism rapid successions of feeble electric shocks 
or vil)rntionH have been found to ailuni relief ; but generally speaking 
the application uf electricity to medical purposes has hitherto failed of 
success, probably firom ignorance of the means by which its powers may 
be rend€»:ed serviceable. 

Of the experiments made on living ereftores with a view to ascerialife 
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the amount of charge suffident to produce death, thoee on eek are tiie 
most curioiifl. Diffienlt as tt is to dapiive them ol life by ordinary mmta, 
ih«y «fe kiUftd instantly bj a power^l electric charge ; and when such a 
clunr|;e is sent through a part <Hkly of the body of an eel, that portion is 
de{>nved of life, while the other part conti?>nes to exhibit signs of vitality. 
It has been ol)eerved that the bodies of animals killefl by electricity very 
quickly dc coin pose; and this &ct seems to explain what Franklin was 
inelined to conceive a mere " fsaucji" when he thought that 9 tm^ey killed 
hy dectridtj ate ranarkaUy tender. 

The fusing power of tUtibnealty was koown boforo it wm luikaowledged 
to possess the property of imparting heat ; and some of tbe owrly elec- 
tricians entertained the notion that the dissipation of thin leaves of 
metal by the electrical battery was produced by whAt wiM l<9V|X)«(l cold 
fusion." 

Some illofltiatioiiB of the igniting power of the electric spark have 
been alveady mentioned ; but to esbibit the beating eileets of eletilridty 
on metalB, and otJier less inflammable substances, requiret «n eleetrical 
battery containing a considerable amoont of coated surface. 

Let a thin strip of gold, silver, or copper leaf be attached by moisture 
between the rods of the universal di8ch^*ger, and connect one of the rods 
with the outside coatings of the battery-jars. When the battery is fully 
diarged, aa mdioated by tbe elevation of the ball of the qnadnnt eleO" 
trometer, apply one of the laiobe of the ineulated disaharging.Tod to the 
aeoond rod of the universal discharger, and bring tlic other imob in con- 
nexion with the inside coatings of the battery-jars. The charge will thus 
be sent through the strip of metal-leaf, which will be instantly defla^Tatcd. 
If the nietiil-leaf be laid upon paper, the part whereon it was placed will 
be burnt, and traces of metallic oxide will remain. A snmil length ^of very 
iae wire may be i^agrated in tbe MBne niaoner. 

The deflagration of the metal4eaf and of the wire are oaneed hy tils 
renstance thi^ offer to the passage of the electcio eharge ; for if they be a 
little thicker, so as to allow the electricity to pass more freely, the metds 
will be made red hot without beinj^^ melted. Tt is, indeed, only by the 
resistance bodies oiYvr to the passage of accumulated electricity that its 
presence is man lies Led. Through metals sufficiently thick to conduct it 
freely, deeftrimty passea wiihoiit any sign; bnt a gimilar ehioge sent 
throng^ an imper&et oonductor may produee daalanidiive efiaeto^ in OQiMe» 
qnenee of €be resistance it encoonters. This observation appllea to all 
electric action whatsoever. The mamfestation of electricUi/ ^s a proof of 
resistamre offered to its passage ; and w^trni the r^ustoncA is demta^^ tfie 
etectrtraJ ^jfi'cts are projMJo-t ionalh/ dimhmheS. 

liic following experiment affords a satisfactory iUustration of the in- 
oreaae of eibet 1^ inenasi&g iSbM veaiatanoe. Bute » Ivroad strip of Ian- 
IbH across s amaU piece of sheet-glass ; on tbe top uf it place a corre- 
ip<Hiding piece of glass, peifeotiy -dry, and prese bo6h together with a 
weight. The charge of a battery may thus be sent through the tin -foil 
without any pprceptiblp effect. Cut away a small part of the foil, so as to 
leavt' a brcuk in the middle about the sixteenth of an inch. The bnttery- 
cliiu'ge may even then be sent between the glasses withoul injuiy, but the 
eleetoicity will j n an ifca t itaelf by a bright spark at At point of aepnation 
in tbe foU. ZneEeaae the interval by onttii^ awa,y another portion of the 
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foil, M tiiat fhe reaistanee to the decfrio fluid may be incrttaed, a&d <ai 
then repeating the diacharge the glass will be shiyered. 

A piece* of appamtua caUed a " thundemhouBe," emiatnictecl for the 

purpose of shewing the action of lightning- 
conductors, illustrates very satisfactorily the 
eflfect of interposed resistance to the coui'se of 
the electric charge. A piece of mahogany 
about an inch thidc ia shaped into the form 
of the gaUe end of « house, a, fig. 34 ; and 
there is a small square wooden shutter, d* 
that may be easily taken out and placed at 
opposite corners. A strong wire, b c, rises 
above the cbimneji passes down the house 
and across tiie shutter to the wire that eon- 
necta viHi the outside of a large Ijeyden jar. 
When the jar is disdiai^ed through the wire* 
in the position represented in the diagram, 
the shutter retains its place, for the electric 
circuit is not interrupted ; but if the shutter 
be turned, so that the wire may be in the di- 
reetion marked by the dotted fines, the continuous circuit is brokeni 
and the resistance which the deelric fliiid meets with in crossing the intei^ 
▼ening space causes the shutter to be forced out to some distance. 

The discharge of a Leyden jar may be prolonged by interposing an 
imperfect conductor ; and by thus diminishing the rapidity of the passage 
of the electric fluid, it will produce effects that its more rajjid action ren- 
ders unattainable. Thus, if a small quantity of gunpowder be laid on the 
table of the uniyersal discharger, the effects of an ordinary discharge will 
disperse the powder without igniting it; but if the metallic circuit be 
interrupted by a basin of water interposed between two ends of the con- 
necting wires, the discharge is prolonged by tlie resistance of the water, 
' and the force, though less energetic, is more efleetnal in igniting the gun- 
powder, which then explodes instead of being dispersed. 

Seroral forms of apparatus have been contriyed for exhibiting the elec- 
tric light Spangles of tin-foil are pasted on to glass, in yarious patterns, 

so arranged as to form a continuous 
line for the passage of the electric 
fluid. By means of Lane's discharger 
a continuous stream of small charges 
is sent through these breaks in the 
conducting metal-foil, at eadi of 
' which a brilliant spark appears, re- 
presenting in vivid lines the device 
arranged by the disposition of the 
breaks in the foil. In the dark this 
exliihition has a very agreeable eff*ect; 
and when a lengthy device is pat- 
terned on the glass, the simultaneous appearance of sparks at all the breaks 
seryes to shew, in some degree, the instantaneous character <^ the electric 
discharge. In the arrangement of the tin-foil spangles in devices, care 
must be taken that the sum of the spaces betwesn each is not greater 
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than the space through which the electricity of the jar will discharge it- 
8el£ Sparks from the prime condactor of the electric mAchitie wiU tm- 
Terae over a mtieh greuter space than a discharge from a L^den jar, but 

the light is not so intense. A suspended chain also serves to exhibit 
the brilliancy and instantaneous nature of the electric discharge ; for vivid 
sparks appear at the junctions of the numerous links j and when the chain 
is hung in festoons, luminous tracery is produced. 

The instantaneous duration of the electric spark is shewn in a striking 
manner by a very ingenious application, by Professor Wheatstone, of one 
of the properties of vidon. The retina of the eye, it is well known, pos- 
sesses the peculiar property of retaining the imprcBsion of an image for 
the eighth part of a second after the object that produced it is removed. 
The eighth part of a second may perhaps seem to most persons a duration 
inappreciably small ; but those accustomed to note time will detect, with 
the naked eye, a variation of the tenth part of a second in the vibvat^on of 
a pendulum, and by means of the copying electric telegraph a variation of 
the thousandth part of a second may l>e detected and rwdered visible. 
The fact that a lighted stick, when whirled round in the air, appears like 
a circle of light, proves also that the circle must be completed within the 
eip;hth j)art of a second, otherwise the line of light would appear to bf' bro- 
ken j but as it in, the impression at every part of the circle renmius uu tiie 
retina until the light returns to the same point to renew it ; and thus the 
circle described by the lighted stick, instead of appearing to be made up of 
numerous sparks, resembles a continuous ring of light. The same cause 
also explains why a circular screen containing figures or patterns painted 
on it becomes a confused mass of colour when turned rapidly round. It 
may be easily conccive<l, however, that if oiily instantnitcotis sight could 
be obtained of either of the whirling bodies, it would be seen in its true 
form ; that is, the lighted stick would appear as a stationary spark, and 
the figures on the screen would be distinctly visible, and would seem to be 
stationary, though in reality revolving very rapidly. It is by applying 
this principle that Professor Wheatsttmo lias dcterrnincd the duration of ' 
the electric spnrk. A painted screen is turned round rapidly in the dark, 
and is lighted at intervals by electric sparks from a Ley den jar. .The 
figures on the screen seen by this occasional light appear quite distinct, 
and to be at rest \ thus proving that the dunftion of the light must he 
considerably less than the eighth part of a second. The velocity of the 
aeieen^B motion is regulated to a known number of revolutions in a second, 
and by increasing the rapidity a speed is at length attained at which the 
colours become confiised ; even the duration of the electric spark affording 
time for the objects to be seen in more than one position. The rapidity 
of revolution being known, and also the duration of impressions on the 
retina, the length of time that light is thrown on the screen just before 
tiie figures become confused may be estimated ; and Uius Professor Wheat- 
stone has been enabled to prove that the duration of the electric spark is 
not longer than the millionth part of a second. The electric spark seems, 
indeed, to be much longer in sif^ht ; but the retention of the light by the 
retina causes the duration of the impression to remain for the eighth part 
of a second, though the light itself only lasts the millionth part of that 
time. A flash of lightning is equally instantaneous^ and sll objects in 
motion seen in the night-tune by lightning appear to he at rest. Even 
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a cMuum-'baU in tapid ffigbt would appear to be motionleM m fhe air. 
*' As qui^ as lighftmng " baa baoome a prowbial eipiewioii, thoogb hw 
persons are swaie bow very instatttaneoua it leally is. 

The magnetising and decomposing powers of electricity will be no- 
ticed more particularly when we come to speak of that niodilicatiou of 
the force exhibited in the voltaic battery ; but a few examples of the ex- 
ercise of those powers by statical electricity will serve to shew that in 
tbese, aa in all other respects, there is a mnilaritj between the chemically 
excited and the fiictional agent. 

Let a aewing-needle be placed on the table of the iiniTmJ discharger, 
so that several charges of the electrical battery may be sent through it 
in qnick succession. This can be most conveniently done by connecting 
Lane's discharger with the instrument After the needle has been thus 
operated on, it will be found to possess magnetic properties, and the effect 
wUl be incceaaed if the needle be placed in the magnetic meridian during 
the experiment. 

The deeomposing power of statical electricity may be shewn by paas- 

intif a STiccession of electric sparks from the machine through litmus or 
turmeric ] t.i])( r moistened with a solution of sulphate of soda. The salt is 
shortly decomposed by the electric agency; and the acid liberated from the 
soda will turn the paper red if litmus be used, or if turmeric paper be 
the le-agent, the alladi separated from the acid will gire it a brown stain. 

The experiment succeeds better when the electricity is directed 
^ from the prime conductor to the paper by points, or by some 
other form of discharge which will cause a f^^iT^tant cun-cnt of 
electricity of a lower degree of intenaity to act on the salt to be 
decomposed. 

The deoompositiozL of water may be Ulnstrated by passing a 
rapid succession of charges from a Leyden jar between we 

ends of two wires inserted in a glass tube containing water, 
the ends of the two w^ires in the water being about half an inch 
apart. At each discharge small bubbles of hydrogen and oxy- 
gen gases rise from the ends of the wires in the proportion of 
two parts of hydrogen to oue of oxygen, that being the propor- 
tion in wluch the two gases combine in the constitution of 

t— water. The gaaes thus erolved, if mingled together, irrill ex- 
plode when a light is brought near ; and if the experiment be 
conducted with great care, and on a sufficiently large scale, a 
quantity of water will be formed by the re-union of tlie gases 
fig. 36. during the explosion, exactly corresponding in weight to that 
of the water decomposed. 
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CHAPTER IX. 

* ATMOSPHXRIO SLBCTBlCITr. 

BeceM^alMbservationB of a thunder-stonn — Mr, Crosse^s apparatus and experiments — 
Remrkable phenomena of a thunder- storm-^Different conditions of artificial eiec> 
tddty and li^taing — Lightning-ctrnductors — SuppoMd danger from lateral di»> 
duttge— ^VaiiooB kbds of ]^|htiiiiifK»iidiMlw»-^4MlBat placa in a thuadflMtoffm— 
Causes of the electrical state of tiie cUmdi— Sheefc-lfghtniag and Ibdcod-li^lning^ 
Thunder— The auiom borealts. 

The identity of lightning and electricity wan fuliy j)roved by FrankUa 
and hj the Frencb electriciMi8» who saceeeded, by experimenang accord- 
ing to his directions, in drawing lightning from the doudjl. The &ot was 

80 completely established by the first experiments on the subject as to 
leave no doubt that lightning is the effect of electrical discharge between 
the earth and the clouds; and the princij)8l object of succeeding investiga- 
tions has been to determine the peculiar coailitions of the electricity of the 
clouds, the means by which they become charged, the iorce of the disrup- 
tive discharge, and the most eflSMtnal means of guarding against Its effects. 

Signor Beccaria, of Turin, a contemporary of Franklin's, made a care> 
fill and very extended series of ohservations on lightning and atmospherie* 
electricity, which have scarcely been surpassed by those of succeeding elec- 
tricians. In his experiments he made use of kites and pointed rods, and 
of a great variety of both at different i)Iaces. He paid particular attention 
to the appearances presented by the clouds during thunder-storms, of which, 
the following were the most remarkable: ''The first appearance of a 
thunder-storm is one or more dense douds increasing very fast in rise^ 
and rising into the higher regions of tiie atmosphere. The lower surface 
is black and nearly level, but the upper finely arched and well defined. 
Many of these clouds seem often piled one upon another, all arched in the 
same manner, but they keep continually uniting, swelling, and extending 
their arches. At the time of the formation, or approach of the dense cloud, 
the atmosphere is -generally foil of a great numher of scpairate douds, 
motionless and of peculiar shapes. Ail these^ on the appearance of ihe 
thunderndoud, draw near towards it and become more uniform in their 
shapes as they approach, until they coalesce into one uniform mass. When 
the thuuder-cloud has increased to a gi-eat size its lower surface is often 
ragged, particular parts being detached towards the e^h, but still con- 
nected Svith the rest. Sometimes the lower surface sweUa into various 
large protuberances, bending uniformly towards the earth ; and sometimes- 
one entire side of the cloud will have an inclinatiou to the earth, and 
the extremity will nearly touch the ground. When the eye is under the 
thundercloud, after it has gro^^Ti large and well-formed, it is seen to sink 
lower, and darken prodigiously ; at the same time that a number of 
small clouds ai'e seen in rapid motion driving about in very uncertain 
directions under it. Whilst these douds are agitated with the most ni|iid 
motions the rain generally falls in Uie greatest plenty, and if the agitation, 
be ezoeediagly giiat^ it generally hafls. 
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''While ihe fhutader^dottd k. a^v^lling and extending in brancbes over 
a large tract of country^ the lightning is seen to dart from one part of it 
to another, , and often to illuminate the whole mass. When the cloud has 
acquired sufficient extent, the lightnirijL,' strtkcs between the cloud and the 
earth in two oi>pa8ite places, tlie path ot the lightning lying through the 
whole body of tlie aloud and its branches. The longer this lightning cun- 
tinneef the tarer do£»>tl|je doud become^ until at length it breaks in dif^ 
fereni places and shews a clear sky. When the thuuder-eload is dispersed, 
those parts which occupy the upper regions of tiie atmosphere are equally 
spread and very thin, and those underneath are black, but also thin; and 
tliey vanish pfradually ^\ithout being driven away by any wind, being dis- 
solved into invisible vajjour."* 

Experiments on a scale of vast magnitude have been for some years 
past conducted hj Mr. Crosse, of Broomfield, near Taunton, a gentleman 
who, secluded within his own domain, which he has converted into an ex- 
tensive electrical laboratory, has been endeavouring to dive into the secrets 
of nature, and to trace the a<::eney uf electricity in the construction of rocks, 
and even in the creation uf living creatures. Tliis pliilosoj>her collects 
electricity from tlie atmosphere ])y means of what he terms au " exploring 
wire," which extends for several miles over hifl grounds. This wire is in- 
solftted, and is connected with many pointed -metal rods, which are sup- 
ported and insulated on poles fixed to some^the highest trees in his 
park. These poles are erected in all (lirectipn|, as far as the eye can 
reach, and the cxj»loring wire connected with ""Uiem is made to terminate 
outside the wiiiflnw of the laboratory. A thick wire communicating with 
the earth is supi)urteti on a pole near to the exploring wire, to serve as a 
safety conduit for the electricity when it is emitted in such quantities as 
to become dangerous. When experiments are performed in the laboratory 
with the accunmlated electricity collected by the exploring wire, it is intro- 
duced through the window by a connecting wire ; conyenient arrange- 
ments being made for applying the force with advantage and for securing 
the safety of the operator. 

The following is Mr. Crosse's account of the construction of a thunder- 
cloud, as examined by the exploring wire ; and of his views of the manner 
in which the electrieily is distributed : 

" On the approach of a thunder-cloud to the insulated atmospheric 
wire, the conductor attached to it gives corresponding signs of electrical 
action. Tn fine cloudy weather the afmosphcric electricity is invariably 
positive, ill' f-easing in intensity at sun-rise and sun-set, and diniinishiug at 
mid-day and mid-night, varying as the evaporation of the moisture in the 
air; but when the tliimder-cloud (which appears to be formed by an un- 
usually powerful evaporation, arising eith«r from a scorching sun succeed- 
ing much wet, or vice versa^ draws near, the pith balls suspended from the 
conductor open wide with either positive or negative electricity ; and when 
the edge of the cloud is perpendicular to the exploring wire, a slow suc- 
cession of discharges takes place between the brass ball of the conductor 
and one of equal size carefully connected with the nearest spot of moist 
ground. I usually connect a large jar with tiie conductor, which increases 

uie force, and in some degree r^ulates the number of the explosions ; and 

. . ■ 

* Prieatley'sHietoryof Elactrici^. 
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file two balls between whicb tbe diadiuges pass can be easily regalated, 
as to their diatance firom each other, by a screw. After a certain numb^ 

of explosions, say of negative electricity, which at first may be nine or ten • 
in a minute, a cessation occurs of some seconds or minutes, as the case 
may be, when about an equal number of explosions of positive electricity 
takes place, of simihir force to the former, iiidicatitig the passage of two 
opposite and eguaUy dectrified zomi of the eUmd; then follows a second 
aone- of negative electricity, occasioning several more discharges in a * 
minute than from either of the first pair of zones ; which rate of increase 
appears to vary according to the size and power of the cloud. Then occurs 
another cessation, followed by an equally powerful series of discharges of 
' |)ositive electricity, indicating the passage of a second pair of zones : these 
in like manner are followed by others, fearfiilly increasing the rapidity of 
the discharges, when a rtgvtXar ihtam coimMnotf, intermpted only by 
change into the opposite electricities. The intensity of each new pair of 
zones is greater llian that of the former, as may be proved by removing 
the two balls to a <^reater distance from each other. When the centre of 
the cloud is verticil to the wire, the greatest effect consequently takes 
place, during whicli the windows raUle in their /rames, and the bursts of 
thunder without and tbe noise within, every now and then accompanied by 
a crash of accumulated fluid in the wire striving to get free between tbe 
bsBsy produce the most awful effect, mI! li is not a little inoressed by the 
pauses occasioned by the interchange of zones. Great caution must of 
course be observed during this interval, or the consequotu rs would be 
fatal. My battery consists of fifty jars, oontaiuiug 73 feet of surface on 
mie side only. This battery, when fully charged, will perfectly fuse into 
red hot balls 30 fset of iron wire in one lesigth ; sueb iprire being yf^ of 
an inch in diameter. When this battery is connected with 3,000 feet of 
exploring wire, during a thunder storm it is charged fully and instanta- 
neously, and of course as quickly discharged. As I am fearful of destroy- 
ing my jars, I conn«'ct the two opposite coatings of the battery with brass 
balls one inch in diameter, and placed at such distances from each other iis 
to cause a discharge when the battery receives three-fourths of its charge. 
When the middle of a thunder-cloud is overiiead a crashing stream of 
discbarges takes place between the ballsi tbe effect of which must be wit- 
nessed to be conceived. 

*'As the cloud-passes onward, the opposite portions of the zones which 
first alfcctcd the wire come into ]tlay, and the effect is weakened with each 
successive pair till all dies away, and not enough electricity remains in 
the atmosphere to affect a gold-leaf electrometer. I have remarked that 
the air is remarkably free of electricity, at least more so than usual, both 
before and after tbe passage of one of these clouds. Sometoes a little 
previous to a storm, tlie gold leaves connected with tbe conductor will « 
for many hours open and shut rapidly, as if they were panting, evidently 
shewing a great electrical disturbance. 

It is known to electricians that if an insulated plate, composed of a 
perfect or of an imperfect conductor, be electrified, the electricity commu- 
nicated wUl radiate from the centre to the drciunference, inereadng in 
force as the squares of the distance from the centre ; whereas in a thunder- 
cloud the reverse takes place, as its powor diminishes from the centre to 
the cireumferenoe. First a nucleus appears to be formed— say of positive 
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electricity — embracizig a large poitioa of the centre of the doad, round 
trhich u a negative zone of equal power with the former; then follow 

tibe other zones in pairs, diminishing in power to the edge of the cloud. 
JHrectliy hdow this doud, according to the laws of mductive electricity, must 
€xist, on the surface of the earth, a nucleus of opposite or negative elec- 
tricity, with its corresponding zone of positive, and w ith other zones of 
eleetrified sur&oe eoneeponding in number to those of the cloud above, 
although eadi is oppositely electrified. A diechaTge of the poeitiTe nu- 
deufl abore into that of the negative nudeua beloW} ia commonly that 
which occurs where a flash of lightning is seen ; or from the positive be- 
low to that of the negative above, as the case may be ; and this discharge 
may take place according to the laws of electricity tlirough any or all of 
the surrounding zones, witlwid inAuenciiig their respective electricUieSf other- 
wise than by weakening their force by the removal of a portion of the 
oleetrie fluid from the central nucleus above to that below ; every succesdTe 
flash from the cloud to the earth, or from the earth to the cloud, weaken- ' 
ing the charge of the plate of air, of which the cloud and the earth form 
the two opposite coatings."* 

It would appear, therefore, from Mr. Crosse s observations of the phe- 
nomena of a thunder-storm, that the cloud between which and the earth 
disdiarges occur is electrified in concentric rings, each one beooming less 
intensely charged towards the extremity. As each ring or aone must of 
oourse become enlarged as. its distttioe from the centre increases, the quan- 
tity of electricity in each zone may probably be assumed to be equal ; 
though to this point Mr. Crosse's observations do not extend. Though 
the electricity of the atmosphere is in all essential particulai-s the same as 
the electricity exdted by the machine, the condition in which it exists in 
a thunder-doud is different from any that can be artificially produced, in 
ooDsequenee of the magnitude of the scale on which nature operates. The 
strongest spark emitted from the most powerful deetrical machine does 
not exceed two or three feet in length ; and when numbers of such sparks 
are accumulated in an electrical battery, so as to imitate, in a feeble 
manner, the destructive effects of lightning, the charge, when spread over 
the surface of the glass, will not force i£i way through more than two 
inches of resisting air. A discharge between the dou£ and the earth will 
gometimes occur when the thunder-cloud cannot be less than 300 feet above 
the object struck by lightning ; though the resistance of the intermediate 
space is no doubt greatly diminished by the moist atmosphere and Ijy rain. 
The electTicity in the clouds immediately before the discharge mu.st conse- 
quently be of a very high degree of intensity; and there is ample evidence 
in the destraetion of in^erfeedy conducting bodies itf the immense quantity 
of electricity concentrated in a flash of lightning. 

A long spark from a powerfal electrical madiine, severed and zig-zar/gcd 
by the resistance of the air, nearly resembles in form a flash of forked 
lightning ; and in speculating on the mode of the action of lightning, the 
spark of an electrical machine, in consequence of its greater intensity, may 
be taken as bearing a closer analogy to it than the disruptive discharge of 
an deetrical battery. In considering, thereforej the disputed question of 
the best mode of protection from li^tning, and the effects of lateral dis- 
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diarge, we are more likely to amve at safe conclusions if the chaiaeter af 
tiie ^scharge from the prime conductor be examined, rather than l2ie more 
powerful, though lem concentrated, discharge of the battery. 

The question in dispute in reference to the lateral discharge is, whether 
a lightning-conductor, allowed to be of proper thickness, will conduct a 
disruptive discharge safely from the clouds without clanger of injury from 
the passage of the eleotricity in other than the direct coune. It is ad* 
duoedf as an iUvstralion that there ia danger in lightning-conductors, that 
when a discharge from an deetrioal machine is conducted to the earth by 
a very efficient wire, spjirlcs mfiy nevertlieless be drawn from the wire at 
any part of its course, though sparks cannot be drawn Avhen the conduct- 
ing body is connected with the wire itself. It has hence been inferred, that 
to render a lightning-conductor perfectly safe, all conducting bodies near 
it shoold have a metallic connexion with the rod. It appesTB, however, 
that the simplest mode of viewing the fliibject is to regard every discharge 
of lightning as distributed among aU conducting bodies in the Tidni^, 
forcing its way throiTp^h every course open to it in quantities proportioned 
to the facilities otiered for its passage. According to this view, we must 
consider that in every flash of lightuing there is not only a lateral dis- 
charge, but what may be termed a diatrUmtive discharge within a definite 
range. 

The quantity of electricity that finds its way to the eartlL tiirou^ 
these multifarious channels will he proportionate to thrir relative con- 
ducting powers. Suppose, for example, that a wire were joined to the 
lightning-conductor, and continued uninterruptedly to the earth ; as much 
of the electric fluid would be conducted through that wire, in proportion 
to its thickness, as through the main conductor. If, however, the con- 
tinnitj of the wire were interrupted, the resistance occasioned by the 
Imperfect connexion would very materially diminish the quantity of elec- 
tri ity transmit t d, though some portion would still pass Ihrough the 
divided wire. We may conceive that, in the same mnnn^^r, every other 
substance, howr-vor imperfectly it conducts, transmits some portion, though 
it may be inappreciably small, of the infinitely divided charge. 

The preceding consideration of the question is not calculated to di- 
minish the Yslue of lightning-conduetors; but it points out the danger of 
dividing the discharge of lightning in such a manner as to direct a large 
])ortion of the electric fluid from its direct course. It was stated by 
Dr. Faraday, in evidence before the committee of the House of Commons, 
that a man would be safe even though leauinc: against the conductor of a 
ship when struck by lightning; nor is it probable that an appreciable 
quantity of electricity would pass from the continuous metal rod to find a 
derious and resisting course elsewhere ; but if the man leaning against the 
conductor were at the same time to be standing on the iron cable, so as to 
form part of a metallic connexion with the sea in another course, there 
can be little doubt he would receive a shock more or less severe. The 
author's personal experience, as previously mentioned, enables liim to 
speak of the distributive character of the discharge of lightning. When 
the electric fluid passed through his aim, that limb was sharing the discharge 
with many other and much better conductors of electricity ; and though 
the semnble efiect extended only from the wrist to the shouldt a mudi 
smaller quantity of electricity musl^ according to the principle of distributiTe 
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discliazg^ have passed through his body to the su})port on which he ww 
standing. A Beiious instance of distributive discharge of lightning oc- 
curred last summer at Pa(l(Iin<(ton. A row of buildings was struck by 
lightning, and four men, at work in. different Jumaes, were killed. 

There has lately been much variety introduced in the forms of light- 
ning-conductors. In the early days , of their application, electricians 
questioned whether the elevated portion of the rod uiould terminate with 
a metal knob or a point, or whethw it should be formed of a non-conduct- 
ing substaiK e. The point, however, gained the day; as it was rijrhtly 
coDsideieil better to attract the electricity silently and gradually than to 
trust to the rod only for conductino^ a disruptive discharge. The notion 
of tipping the end with a uon-eonduetor was simply absurd. Those who 
thus attempted to keep off lightning might with equal reason have erected 
a glass rod instead of a metal one. The opposite principle is now so 
generally adopted that, with a view to increase the sil^t attraction of 
atmospheric electricity to lightning-conductors, it is customary to add 
several branching points. It may be questioned, however, whether any 
advantage is gained by more than a single point. 

A recent invention, to which her Majesty's letters patent have been 
granted, exhibits a curious misconception of the true properties of light- 
ning-conductors. The patentee terminates his lightning-conductors with 
a great number of magnetiaed steel points, ooncdving, no doubt, that as 
iAasre is an intimate connexion between electricity and magnetism, the 
magnetism of the points M'ould add i^reatly to their attractive power. As 
iron and steel do not conduct electricity so readily us copper, the latter 
metal is the best for the purpose; and it is employed by Sir W. Snow 
Harris in his system of protecting ships from lightning. The greater 
expense of copper prevents its adoption on buildings, and a proportionally 
thicker rod of iron coated with zinc, or, as it is commonly called, " galva* 
nised," answers the purpose very efficiently. 

Buildinf^s to which lightning-conductors are attached, elevated several 
feet above the highest point, arc in little danger (ha-ing a thunder-storm. 
In houses not so protected, the place of greatest safety is an under-ground 
cellar* Those who are alsrmed, and yet do not like to descend into the 
cellar, will do well to lie down on a sofa near the middle of the room, 
taking care to avoid the proximity of suspended chandeliers, or any other 
interrupted metallic body. Persons who are exposed out of doors in a 
thunder-storm should avoid taking shelter under trees; for though they 
possess sufficient eonduetino- power to. attract lightning, they are not such 
good conductors as the iiuids of the human body, and the electricity will 
consequently take its course to the earth through the better conductor. 

In the mountain valleys of Savoy, application has been made of pointed 
rods to draw the electricity silently from the atmosphere for the purpose 
of protecting the vineyards from the destructive effects of hail, which fre- 
quently acconi[)anies a thunder-storm. These conduetors of electricity, 
terme<l paragrr'c,^, ha\ e been found to answer very effectively. 

There is much vaiiauce of opinion respecting the requisite thickness 
of lightning-conductors. A French commission appointed to determine 
the question reported that a rod of iron seven tenths of an indi square is 
quite sufficient under all circumstances. In the lighthouses and public 
buildings in this country, rods of copper three-quarters of an inch wide 



Digitized by Googlc 



ATMOSPHEUC ELECTRICITY. 



89 



^nd about a quarter of an mch tiikk are employed, and as copper oonducta 

electricity aeiren times better than iron, these conductors are consequently 

much more efficient than those recommended for ndoption in France ; yet 
several lighthouses so protected were damaged diaiiiL:- the tbTmder-storms 
of last autumn, and Eddystone lighthouse was consideraljly damaj^ed by 
:Ughtmng in January last. As the resistance of a metal rod to the con- 
duction of eLecfcridty is greatly increased by its length, a much thinner 
conductor is sufficient for a dwelling-house than is required for a lofty 
building. 

Wires will pometimes serve to conduct lightning safely even when so 
thin as to be melted by its transmission. A remarkable instance of this 
kind is noticed in the following unpublished letter of Frankliu*s, which 
will be read witli considerable interest* 

PhUadelphiaf March 1, 1755. 
Sir, — I am but just returned from a long journey, after near six 
months* absence^ and find your favour of September 29, by which have tiie 
agreeable advice that you expect to be able to remit me something in 

Smith's affairs very soon. 

As to the thickness of wire necessary or sufficient to conduct a large 
quinititr of lightning, concerning which you desire my sentiments, you 
•will find something on that head in ])ages 121 and 125 of the enclosed 
pamphlet, which please to accciit. And I may add, that in my late jour- 
ney I saw an instance of a very great quantity of lightning conducted by 
a wire no bigger than a common knitting-needle. 

It was at Newbury, in New England, where the spire <rf the church - 
steeple, being seventy foot in heijrht above the belfry, was split all to 
pieces and thrown about the street m fra^anci.ls ; from the bell down to 
the clock, placed in the steeple twenty foot ];clow the bell, there was the 
small wire above mentioned, which communicated the motion of the clock 
■to the hammer, striking the hour on the bell. 

As far as the wire extended no part of the steeple was hurt l)y light- 
ning, nor below the dock as far as the pendulum-rod reached, but iirom 
•the end of the rod downwards, the lightning rent the steeple suq)risingly. 
The peiiduium-rod was about the thickness of a small tobacco-pipe stem, 
and conducted the whole without damage to its own substance, except 
-that the end where the lightning was accumulated it appeared melted, as 
much as made a small drop: But the dock-wire was blown all to smoke^ 
and smutted the wall by which it passed in a broad small blac^ track, and 
also the ceiling under which it was carried horizontally. No more of it 
was loft than about an inch and half next the tail of the hammer, and as 
much joining to the clock. 

Yet this is observable, that tbougli it was so small as not to be suffi- 
ment to conduct the quantity with nfety to its own substanoe» yet it did 
conduct it so as to secure all that part of the building. Excuse this 
scrawl, which I hare not time to copy fair. 

I am, with much rLS|)cct, Sir, 

Your very bumble servant, 

• Wc aie indebted to the kindaeHofCliarlce>Bee^BM|i.tR8.Anftv this letter, 
fum hie eeUectioa of inaniwcri|rts. - . . 

€F 
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P.S. I haTe just been mding a Biixular instanoe taken firam tlie 
JourtuU dm Savams for 1676, page 113, y!z : — 

Eu 1G7G, le tonnerre ecrasa le cloclier de Tabbaje de Sunt Medard de 
Soiflsons; la foadre ae porta k une grande diatonoe lelong des fila d^arclial 
qui oommuiiiqaoieiit k lliorloge ; die fondit cea coidea mltalliquea aana 
fidro d*aatrea d^zdrea*daiia tout le trajet'* 

To Mb. Jiiw Bf BKIT* Mudumt, Antigua, 
Per Cavt. Snook, J. D. C. 

The continuous discharires of the electric fluid durinj; a thunder-storm 
occur more frequently from cloud to cloud than between the clouds and 
the earth. These discharges of what are called " sheet-lightning" may often 
be obseryed at inteirals of only a few seconds apart, and oocurrmg irith 
tbat rapidity for some hours, varied from time to time by dischargea 
between the clouda and the earth. During a thunder-storm in August 
last, we noticed a continuous flashing amotii^ the cloud?!, mme of the 
lightning being of the most vivid kind, and darting horizontally like a 
btJl of tire across a considerable expanse of the horizon. 

Several causes have been assigned for the electrical condition of the 
douda. The aimplest hypothesis appears to be that founded on the 
and mmus theory of Franklin, which well explains the Tarying circum- 
stances of the accumulations of dteetricity in the atmosphere, and of its 
frequent changes from positive to negative. The fact that the natural 
capacity of a body for electricity varies with changes in the exteut of its 
surface has been already noticed. The capacity of steam aud vapour for 
eleetricitj, therefore, very greatly exceeds that of the water from wlaxh 
the steam is evaporated. Thus, when evaporation takes place from the 
earth, the vapour is combined with a vaat quantity of electricity in a lat^t 
state. The condensation of the vapour into clouds diminishes its capacity, 
and a quantity of electricity is consequently set free, surrounding the 
particles of mist. As the mist collects into drops, a further amount of 
electricity is liberated, aud the intensity of its condition is increased, 
though the actual quantity <tf deetrie flmd ramaioB the same. On the 
other hand, when a cloud ''melts into air,** the capacity of the invisible 
vapour is greatly enlarged, and It absorbs the free electricity which was 
previously contained in the cloud. The changes continually taking place 
in the electrical condition of the clouds may thus be accounted for by the 
oontiiuial cliaugcs of state in the condensed vapour. 

That the couversion of water into steam excites electricity during the 
enlargement of its volume may be readily proved. If a metal cop oon- 
taming water be placed on the top of an electrometer, and a hot cinder be 
dro] iped into it, the sudden generation of steam will immediately cause the 
gold leaves of the electrometer to diverge. The water by increasing in 
volume has Its capacity for electricity increased, and absorbs it from ail 
surrounding bodies, leaving the electrometer In a negative state. 

During evaporation from the suriace of the earth, the electricui condi- 
tion of the vapour may be modified considerably by the eomparadve ra- 
pidity or slowness of the process; but it may be aasumed that under all 
circumstances the vapour obtains, at the time of its formation, the quantilgr 
of electricity natural to its state of density ; and that it doea not beocme 
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actively electrical by being plus or mimia tmtU it undergoes a change of 
state wbdi it has riseii in tlie air and become immlated from tlie eartL 

When the douds are in aoch a highly eleetrieal state as to cause a dis- 
charge between tbem and the earth through a large intervening space of 

the resisting air, it might be imagined that one such discharge would neu- 
tralise the condition of the clouds, and that the thunder-storm would bo 
ended. But it must be borne in mind that the condensed vapour of the 
clouds is a very imperfect conductor of electricity, and that one cloud, or 
a portion of a dond, may have its electricitj ducharged, whilst another 
adjoining clond remains foUy charged ; in the same manner that an excited 
rod of glass emits a succession of discharges to a conducting body brought 
to different points of its surface. Tlius when the electricity of one cloud 
is discliar j^ed whilst the surrounding clouds remain in n highly electrical 
state, a c.uustant effort is made to restore the equilibrium, and dischai'g^ 
from cloud to cloud, called 8hceL-li«j;htuing, are the conset^ueuce. 

The reverberating sound of thunder is jprodnced by the devious course 
of lightning through the rensting air. The amount of such resistance 
cannot well be calculated, but as the resistance of the air to the motion of 
a musket-ball when propelled at the rate of 1600 feet in a second is equal 
to twenty pounds on the square inch, or to 120 times the weight of the 
ball, some notion may be formed of the immense resistance encountered 
by the electric fluid in its instantaneous passage through the air. The 
mst peal of thunder heard arises from the concussion of the air at the 
nearest point j therefore, assuming the direction of a flash of lightning to 
be from the clouds to the earth, the thunder w ill be first heard from the 
part where the b'crhtning strikes the ground. The subsequent successive 
revcrVjcrations are occasioned by the comparatively slow progress of sound; 
those rumblings of thunder last heard being, in fact, caused by the first 
impulsive action of lightuiijg on the air. 

We have heard it remarked by Faraday as a curious error of artists in 
their representations of thunder-stormB, that they make the lightning 
pointed towards the earth. Now, if it were possible to trace the course of 
a flash of lightninci' hj the eye, the part nonr the clouds, being the more 
distant, would appear to be much more pointed than that part which 
ivoi^d be seen approaching the earth. 

The phenomena of the aurora borealis and of falling stars'* are attri- 
butable directly to atmospheric electricily. In the upper regions of the 
atmosphere electricity is readily conducted, and flashes of electric light 
are transmitted through the highly rarefied air with little resistance. The 
experiment of sending filches of light through an exhnusted receiver ex- 
emplifies, with considerable accuracy, the phenomenon of the aurora, but 
there are other circumstances connected with it, in reference to the sources 
of eleetrieal excitement and the conditions in whidi 1^ eleetridty is de- 
veloped, that yet renuun undetermined. 
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OHAPTEB X. 

ELECTRICITY FBOM HIQH-F&E88UBE STEAM. 

jSteam, aa dnrndant loiuee of dectiieal ezdtemeni— Hydio-El«etrical Maehiii6--Stat9 

of the electricity excited by it — Combination of quantitj and intensity — Frictum of 
vater the came of excitemeat — Faraday's experimenta on Hi^-Pfeanue Steam. 

The excitement of electricity by the emission of high-pressure steam is 
the most recently diaooTered means of disturbing fiie electrical equili- 
brium ; and it a£Fords a more abundant supply of electricity of great inten- 
sify than any other artificial source. 




flg 37. 

The eflRset is not fully developed unless the steam be raised to a pres-* 
sure of 50 lbs. on the square inch. The apparatus constructed for exhibi- 
tion at the Polytechnic InstitutLon is the largest machine of the kind yet 
made. The boiler a a, fig. 37, is constructed on the same principle as the 
boilers of locomotive steam-engines ; being perforated longitudinally by 
tubes, through which the draught of the furnace passes. These tubes serve 
the double purpose of increasing the generation of steam and of strength- 
ening the boiler. The lenglh of the bofler is six feet six indies; its 
diameter, induding the furnace, which is in the centre, is three feet six 
inches. There are forty-six bent tubes, T, at the top for the escape of the 
steam. These tubes are made of iron, but the jets through which the steam 
issues are formed of partridge wood ; that material having been found by 
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experience to giye tiie best Tesalta. In front of the jets there are eeveral 
rows of metallic points, for the purpose of conducting the electricity, as 

quickly as it is excited, to the earth, and thus to prevent its return to the 
boiler from which the sparks are taken. The hnilor is insulated from the 
ground by six stout glass pillars, B B about three feet high, ou which 
the apparatus rests. 

The pressure of steam commonly used in experimenting with this ap- 
paratus is 60 lbs. to the square inch. When in full operation, with steam 
Issuing from the 46 jets, the torrents of electricity evolved bear some 
resemblance to those described by Mr. Crosse as having poured fortli 
from his exploring duriri'jf a thunder-storm. The eh^^^tricity excited 
combines quantity with intensity. Though the sparks emitted are not so 
long as those from the large plate-electrical machine in the Polytechnic 
Institution, they are more dense, and approximate to the character of the 
spark from the disdiarge of an electrical battery. The length of the 
sparks that may be taken from the boiler is about fourteen inches, and at ' 
tne distance of six inches there is a rapid flow of electrical discharges too 
quick to be counted. The larire hattery of the institution, comprisinc^ 
84 feet of coated surface, is fully charged in eight seconds ; though requir- 
ing at least iifty seconds to be charged by the plate-electrical machine in 
its best action. 

The sparks from this apparatus ignite gunpowder and inflame paper ' 
and wood shavings, and by this means also numerous eflfects of electro- 
chemical decomposition can be exhibited. 

The excitement of electricity by effluent high-prp9wure steam appears 
from the experiments of Dr, Faraday and Mr. Armstrong to be caused by 
the friction of condensed water against the jet from which the steam 
issues. It was found that when the jet and the pipe leading to it were 
heated, so as to prevent the condensation of the steam before it issued forth, 
scarcely any electrical effects were produced; and that they were in- 
creased by lengthening the i)ipe, so as to cause greater condensation. It 
is for this object that the emission pipes of the apparatus at the Polytech- 
nic Institution are bent so as to allow the water to collect near the aper- 
tures. 

There are several additional &ct8 tending to confirm the opinion that 
£netion is the cause of the excitement of the electricity thus produced, 
and not evaporation or mere change of density in the steam. In Faraday's 
experiments no electricity was excited when the safety-valve was opened 
wide, and the steam escaped without friction, but when it was allowed to 
impinge on a cone, electrical effects were directly manifested. Changes in 
the substance of the jet, or of the material of the cone on which the issu- 
ing steam impinged, great!}' affected not only the quantity of electridty 
excited, but its character. When distilled water was employed, the boiler 
was in nearly all cases charged with negative electricity, and the issuing 
steam was positive ; but by the introduction of oil of turpentine into 
the jet the boiler became strongly positive and the steam negative. In 
all cases, however, the issuing steam and the insulated boiler were found 
to be in opponte states of electricity. 

In the experiments conducted by Faraday with a small apparatus, the 
pressure of steam never exceeded tlurteen inches of menmry, or about six 
pounds to the square inch, and generally it was not more than five pounds ; 
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therefore the effects were very feeble compared with those of the hydro- 
clectricjil machine at the Polytechnic Institution. In some respects, hovr- 
ever, this more feeble excitation of electricity was of advantage, aa it af- 
forded the opportunity of detecting changes of state that would not pro- 
bably iiave beea noticed under the action of much stronger pressure. It 
was fomid, for instaaoe^ that electrical effects could only be obtained when 
distilled water was employed ; for the mixture of any saline salts, or of any 
soluble Bubstaaoe that improved the conducting power of the fluid, pre- 
's'entcd its acting as an electric with a low degree of friction. One of the 
many curious results derived from these experiments is, that water may 
claim to rank among the first of the positive electrics ; and Faraday con- 
jectures that further investigation will place it at the head of all substances 
as a positiTe eleetrio ; for even i^ass became negatively electneal when 
exposed to friction of the emitted steam of pure water. 

With a view to prove still more conclusively that the electricity ex- 
cited by emission is due to friction nnd not to expansion, the experiments- 
were repeated with compressed air substituted for steam. Under these 
circumstances electricity was excited when moisture was supplied to the 
jet, but when the air and the emission pipe were dry^ no electrical effects, 
could be detected. 

The excitement of electricity by ^uent steam affords a striking illus- 
tration of <me of the numerous ways in which electrical agency oponatea 
without our consciousness of its presence. A n ordinary locomotive engine 
generates during every minute of its onward course a force sufficient to 
destroy instantaneously all the passengers it propels. This force, however, 
is dissipated as soon as it is created, and it was only by accident that its. 
existence became known. It is the same with nearly all the chemical 
changes that are taking place around us. Even the burning of a candle^ 
there is reason to believe, puts in action an amount of electricity greater 
than that of a thiindor-eloud, though no means have yet been discovered 
of preventing tlie force from being dissipated uuperceived. In other che- 
mical actions, however, less energetic than combustion, the accompanying- 
electricity can not only be detected^but it is developed in quantities, com- 
pared wiui iHiidi the excitement of it by friction is altogether insignifi- 
cant. The consideration of the phenomena of the electricity excited hy 
chemical agency, to which we are about to direct attention, constituteH^ 
indeed^ the most im|K>rtant practical branch of electric science. 
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CHAPTER XI. 

EXCITEMENT OF VOLTAIC ELECTEIOITT. 

EzeitNDe&t of elMbtdty by netalllo contact mi. by chemical action — Uutnal infla- 

ences of chemical aetionand electricity — Simple Voltaic circle — ConstrudJoa of Che 
Voltaic pile — Identity of Voltaic and frictional electricity — Volta's couronne de 
/fi.w.*— Conditions requisite for the excitement of Voltaic electricity — Solid and 
Li(pid elements of the battery — Their actions and re-actions— Faraday's hypothesis 
of €Oiidiietion through fluid*— Renitanee to the Voltaic eurr«itr->Ohin'i fimniila 
' — Local action in batterie»— Intensity «nd quantity of electxidty conddeied— Their 
Gomspondenoe and differenoe. 

The discovery by Galvani that muscular contractions are produced by 
the contact of dissimilar metalti, and the rapid successive additions to that 
disoovery by Yolta and ofhen, have been alreadj nofeked in our intro- 
ductory sketch of the history of electricity. We shall now proceed' to 
explain more particularly the character and tiie actions of the force thus 
generated hy chemical action. 

The simplest manifestation of the excitement of a peculiar force by 
the contact of metals is obtained by placing a piece of zinc under the 
tongue, and a piece of silver upon it; and then allowing the metals to 
toudL Before contacty no sensation is perceiTed heyond the pres- 
gave of ihe two hard substances against the tongue ; but iJie ingtant that 
contact is made it is accompanied by a strong metallic taflte, which con- 
tinues without intermission. The same sensation will be perceived if, 
whilst the two metals are kept Pf>|)aratf>f], a metallic connexion be made 
between them by touching each wilii a piece of copper wire. 

When a pkte of zmc is immersed in diluted sulphuric acid, chemical 
action immediately commences. The oxygen of the water embines with 
the metal, and the hydrogen is liberated and exhibitB itself in a copious 
discharge of bubbles of gas j the water bemg decomposed by the superior 
affinity of its oxygen for the zinc. The decomposition continues until the 
sidphuric acid, which greatly facilitates the action, is exhausted by the 
combination of the sulphur with the zinc, forming, in connexion with the 
oxygen portion of the decomposed particles of water, soluble sulphate of 
zine. Ijiis is the ordinary chemical action which takes place during the 
generation of hydrogen gas for experimental purposes ; the quantity of 
hydrogen gas c?olved being t xactly proportionate to the oxygen witii 
which it was previously combined to form water. 

When t1u surface of the zinc plate is well amalgamated with mercury, 
the continuous decomposition of the water is prevented. Those particles 
o£ liui J only in inmiediate contact with the metal are decomposed. The 
hydrogen gas collects in minute bubbles over the surface of the plate ; but 
they do not attain sufficient atze to detach themflelves from the metal, and 
the plate consequently becomes coated with innumerable minute bubbles of 
hydrogen gas. This gaseous coating protects the metnl from being further 
acted on by the acidulated water; and it would thus remain in the liquid^ 
imcbanged^ for a length of time. 
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A piece of sheet copper may be immeraed in the same Tesiel without 
cauaiiig any alteration in the state of things, so long as the metals are 
kqpt apart. Bring the copper gradually closer to the zinc until scarcely 
any percc})ti))le space intervenes, still there will be no action ; but the 
instant tliat the metals touch, a brisk action commences. The bubbles 
on the surface of the zinc are transferred to the copper, and rise rapidly 
to the top of the fluid ; these are followed by continuous successions <n 
hubbies of gas, all rising from the copper sur&oe, as if the chemical action 
were taking place with that metal. It is the zinc, however, that is alone 
attacked, and being deprived of its protecting coating of bubbles, it con- 
tinues to be converted into sulj)hate of zin<^ until, as in the previous case^ 
the free sulphuric acid is exluuisted. * 

It is not necH3ssury for the production of this effect that the metals 
should touch in the fluid. If the lower parts only of the platee be im- 
mersed, and the upper ends are brought together, the formation of bubbles 

proceeds qmte as briskly as when the 
metab are in contact in the liquid. 
Neither is it requisite that the cop- 
per and zinc should be immediately 
connected. If the lower ends of a 
copper and of a zinc plate be im- 
mened, and the jparts out of the fluid 
be connected with a wire, as in the 
annexed diagram, the evolution of 
bubbles from the copper surface will 
continue, though not so rapidly as 
before ; the diminution in the action 
arising from the resistance which the' 
wire oiers to Ihe passage of the sti- 
mulating force. 

Preserving the order of arrangement shcMm in the figure, let the sizes 
of the plates be enlarged till the extent of surface immersed amounts to 
About fifty S([uare inches. The evolution of gas from the larger surfaces ^\^ll 
be greater than before, but not in proportion to their increased extent j for 
if the ^ckness of the connecting wire W do not correspond with the in-^ 
creased deadly of the plates, uie resistance it offers will diminish the 
^ect. Let the wire be r^uced to the size of a hair, and another remarkable 
phenomenon will be observed. The force is then much greater than can 
be freely transmitted through that thin wire, and it is develoj)ed in the 
form of heat. The wire will become red hot, and, if the action be ener- 
getic, will even be melted in the act of transmitting &om plate to plute 
the peculiar power by means of which water is decomposed. 

The phenomena of chemical action hilJierto noticed bear but little ap- 
parent relation to those of electricity. The i)ower of decomposing water 
and of melting metals is, indeed, common to l)oth ; but it is exhibited in 
such different forms, that no argument in favour of the identity of the 
forces could be founded on those phenomena alone. Volta's ]>ile. however, 
affords the means of assimilating the force thus evolved very closely to 
that of electridfy. 

If, instead of immersing the zinc and cop|>er plates in a vessel con-; 
tainiog acidulated water, » piece of cloth soaked m the liquid be inter-' 
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posed between the metals, the effect will be nearly the same. The acidu* 
lated water contained in the cloth acts on the surface of the zinc when a 
metallic connexion is made with it and the copper, and similar results 
may be thus attained, though somewhat diminished in effect. 

Tiu8 airangement presented a ready means of incressing the series of 
plates to augmoit the action of angle pair, of which Yolta availed him- 
self He oonstructed a pile oimristing of a series of zinc and of silver 
discs with moistened cloth interposed Ix twoon each. He commenced with 
a zinc disc, upon that he placed a silver coin of the same Size, on that a 
circular piece of cloth rather less than the metal discs, having previously 
soaked it m water slightly aciduhited. On the cloth was laid another disc 
of tane, then mlver, and i^;ain doth, and so on in succesnon until a pile of 
SSty series of alternate metal discs and moistened cloths was formed, as 
represented in fig. 39. To prevent the discs from falling, they were sup- 
ported by vertical wooden piUara^ and a weight was placed on the topto 
keep them pressed together. 

When the uppermost and lowest of tibe plates - 
in. such an arrangement are touched with mois- 
tened fingers, a very decided shock is perceived, 
exactly resembling that from a Leyden jar feeblj 
.charged. The slioclc is, however, different from 
that of a Leyden jar in the continuity of its cflcct, 
for similar shocks are continued in rapid succes- 
sion as long as the connexion between the plates, 
through the hand, is maintained* This physiolo- 
gical effect presents a clear analogy to tilie shock 
of the Leyden jar, and different as is the manner 
of its excitement, and different also as are many 
of the manifestations of the chemical agent, the 
accumulation of the force in the Voltaic jpile 
pointed out at once its identify with electricity. 
Subsequent iuTestigations, more especially the * 
experimental researches of Faraday, have esta- 
blished this identity in almost even- particular. 

The action of the Voltaic pile gradually diminishes from the time it is 
first put together, until at length the effect ap2)ears to cease. This dimi- 
nution of power is more rapid in proportion to the energy given to the 
pile in the first instance hj the larger quantity of acid mixed with tiie 
water. To restore the original energy, it is necessary to decompose the 
pile, to dean the sine and copper discs, and to moisten the cloths again. 
Such an apparatus is therefore attended with much trouble. To obviate 
it, Volta contrived another arrangement, which he called cl conronne de 
tosses. He connected a piece of zinc to a piece of copper by soldering to 
them a short length of bent copper wire. Having procured a number of 
such connected plates, he put them into a row of glasses containing addu- . 
lated water, taking care so to dispose them that the sine and the copper 
connected together should be in separate glasses, in the manner represented 
in fig. 40. 

To the copper plate in glass 1, a wire is attached to serve as a con- 
ductor for forming connexion. lu the same glass there is a zinc plate 
eonneoted with the eopper immmed in glass 2. In this manner each- 
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glass contains a zinc and copper plate connected by a wire, which are kept 
apart in the fluid, aod the series may be continued to any extent. By 
bringing the wire attached to the first plate in connexion with a similar 
wire soldered to the zinc plate in the last glaas of tiie aeries, the ae^on 
immediatelj commences, and it is more or less intense according to tiie 
number of plates. This arrangement is,' in many respects, yeiy supeiior 




to the pile. A much larger quantity of fluid can be brought to act on 
each plate, consequently the efi'ect does not so rapidly diminish ; the plates 
can be readily rcmoyed when the appttstos is not wanted, and the acidu- 
lated water may remain ready for uie immersion of tiie plates when expe- 
riments are renewed. 

The arrangement cl couronne de tosses as invented by Yolta continues, 
with some modifications for convenience in use, to fonii the voltaic battery 
that is most generally employed. A series of this kind, consisting of 100 
plates of copper and zinc four inches square, will generate electricity in 
sufficient quantity to exhibit in a powerful manner most of the phenomwft 
of frictional electricity. It is desirable, however, before noticing more 
particularly the phenomena of the voltaic battery, that we should examine 
the raiiunale of its action. 

Keverting to the arrangcmeut of a single pair of plates (fig 38). let us 
consider the conditions necessary for the excitement of electricity by che- 
mical action. We observe two metals employed, one of which has a 
much stronger affinity to oxygen than the other. This dissimilarity in 
the chemical affinities of the metals will be found in all similar arrange- 
ments to be essentially necessary for the excitement of electricity ; and 
the quantity generated will be great or small according to the degree of 
difisimilaiity of the metals in their relations to oxygen. 

The metals that excite electricity by their mutual actions are ranged 
in the following order ; those placed Usat acting in refbrenee to those be- 
neath as copper does to sine 

Platinum. Mercury. Tin. 

Gold. Copper. Iron. 

Silver. Lead. Zinc 

Any two of the foregoing series will constitute what is termed a vol- 
taie eireuit. Thus sine will excite voltaic action in comlnnation with iron ; 
iron win take the place of sine when combined with tin ; and tin will 
teke the place of iron whea. combined with copper. The energies of these 
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. combinations increase as the metak are more distant from each other in 
the scale, the most powerful practical combmation being zinc and platinum^ 
tiie most iucorrodibie of ail metals. 

Though two pktes are neeesBMY in sudi an arrangement, only one of 
them is active in the ezdtement of aectricitf , the otiiier plate serving merelj 
as a conductor to collect tiie force generated. A metal plate is generally 
used for that purpose, because metals conduct electricity mnch better than 
other substances exposing an equal surface to the fluids in which they are 
immersed ; but other conductors may be used, and when a proportionately 
larger surface is exposed to compensate for inferior conducting power^ 
thej answer as well, and in some instances even better than metal plates. 
Charcoal has been employed as one of the elements of a voltaic battery ; 
hut the most advantageous is graphite, a very hard substance that is found 
encrusted within gas retorts. As it is altogether impervious to the action 
of acids, it may be ranked even above platinum in the scale of non-oxidiz- 
able bodies; and though not so good a conductor as that metal, its finely 
granulated or crystallised texture exposes so large a surface to the fluid, 
that the conducting power is practically nearly equal to it 

We have hitlierto considered only the solid dements of the v<dtaie 
battery. Tliey form, indeed, the most conspicuous parts of the arrange- 
ment, but they serve merely as the intermediate agents for the development 
of the electric force. The chemical action that gives rise to the excite- 
ment of electricity takes place during the decomposition of the liquid in 
which the plates are immersed. It is essential, therefore, to the formation 
of an active voltMC arrangement^ that the liquid mployed shoiUd be 
Mumble of bdng decompose Water is most conveniently applicable for 
the purpose. Its elements, oxygen and hydrogen, are separated by the 
superior athnity of the oxygen for the zinc ; especially when that affinity 
is heightened by the connexion of the zinc with an incorrodible metal, to 
which the hydrogen gas of the decomposed molecules of water is attracted. 
Whether the electricity evolved be the cause or merely the effect of chemi- 
cal action is at present unknown. In whichever way the phenomenon be 
regarded, the electricity appears to be excited at the surfiice of the active 
plate, thence to be transferred to the conducting plate, and back again 
through the connecting wire to the zinc, forming what is termed an 
electric current.* 

Water being a veiy imperfect conductor, it offoni «o nraeh resistance 
to the passage of the dectric current that a veiy small quantity of voltaio 
dectridliy can be ^dted when water alone is emjployed; espe^aUy when 

* The terms 'electric fluid* and 'electric currenV which are flrcqvently employed 
in Jescribing electrical phenomena, are calculated to mislead the student into the sup- 
position that dectricity i» known to be a fluid, and that it flows in a rapid stream along 
the wires. Such terms, it should be understood, ate founded nia«ly on an aasumed ana- 
logy of the electric force to fluid bodies. The nature of that force is unknown, and 
whether its transmission be in the form of a current, or by vibrations, or by any other 
means, is undetermined. At the meeting of the British Association for the Advancement 
of Science at Swansea, a discussion arose on the nature of electricity, and Dr. Faraday 
was called on to give his opinion. He then said, *' 'I'herc was a time when I thought I 
knew something about the matter; but the longer I live, and the more carefully I study 
the subject, the more convinced I am of my total ignorance of the nature of electricity.^ 
After such an avowal from the most eminent electrician of the age, it is almost useless 
to sav that any terms which seem to designate the furm of electricity are merely to be 
eonndeKd as conTenient coftventiwial eacpNgiioiuk 
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the plates are at a considerable distatice apart. By the addition of an acid • 
or a neutral salt to the water, the conducting power is greatly increased, 
and the excitement is augmented in a corresponding degree. It is a dis- 
puted point whether the increased action from the addition of acids ariseB 
from the improyed conducting poww alone, or whethor it is to be attri- 
bated alao to the increased affinity of the oxygen to the sine The effect 
ia most probably owing to the joint effort of the two forces. 

lu the opinion of Faraday, the conduction of electricity through liquids 
is accompanied by. if it be not owing to, the successive decomposition of 
the intervening particles. When a copper and zinc plate, for example, 
are connected together and immersed in diluted acid, the oxygen in the 
partide of liquid contiguous to the plate enters into combination with the 
metal, and its equivalent quantity of hydrogm is disengaged. The hy- , 
drogen is not immediately libraated, but is transferred from particle to 
particle of tlic liquid in a continuous chain till it reaches the conducting 
plate, where, not meeting witli any more liquid particles to which it can be 
transferred, it is liberated in the gaseous form. The intervening particles 
are supposed to undergo temporary decomposition during this transfer 
from plate to plate, and to assume a polar condition, the oxygen and hy- 
drogen occupying opposing places in each particle of liquid. 

The annexed diagram (fig. 41) 
shews, in an exaggerated form, the 
chain of particles of water through 
which the decomposing influence is 
supposed to be transmitted. Voltaic 
action haying been established through 
water in the Tcssel ▲ from the zinc 
plate z to the copper plate at c, the 
particles between the two metals are 
throAvn into a polar state ; the oxygen 
of each being directed towards z, and 
the hydrogen towards a The zinc 
plate absorbs the oxygen of the particle nearest to it, and the liberated 
hydrogen combines with the oxygen of the next adjoining particle, and 
in this manner a continuous interchange takes place. According to this 
view of the conductin'jf power of fluids, no fluid can conduct electricity 
unless it be capable of being decomposed ; the conduction being necessa- 
rily accompanied by a train of successively decomposed particles. 

All chemical action is believed to be accompanied by the deyelopment 
electricity, though in only a very limited number of arrangements can 
it be obeyed. It is necessary for the sensible development of the force 
tiiat the elements of bodies undergoing decomposition should be separated 
from each other in an imperfectly conducting medium, and be transferred 
in difl'erent directions. These conditions arc complied with in a voltaic 
arrangement of a pair of plates of dissimilar metals, immersed in a decom- 
posable fluid. The positive and negative electricities, whidi in dduauuy 
diemical combinations immediately coalesce imperceptibly, are in the vol- 
taic battery constrained to separate, and in order to reunite must pass 
along the conducting substances that connect the generating and the con- 
ductuig plates. But even the best voltaic arrangements do not develop the 
; whole of the electric force accompanying chemical decomposition. 




fig. 41. 
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The causes that ohetnict the deTelopment of electriaty in a corrent 
have been minutely inTeetigated 1 >} Professor Ohm, of Nuremburgh, who 
has reduced them to mathematical formulss. The free development of 
electricity is opposed, in the first place, by the affinity of the elements of 
the exciting liquid for each other, tending to resist decomposition ; se- 
condly, by the imperfect conduction of the iluid itself ; and in the third 
jplace, by the resistanoe of the conducting wiiea. As the formnlaa deduced 
07 Firofessor Ohm from these invesdgations have received general aocep- 
tance among electricians, it is desirable to put them on record, and we 
cannot do tliis in a better manner tiian by copying the ladd explanation 
of them by Dr. Golding Bird.* 

** E = electromotive force, equivalent to the affinity of the exciting 
liquid for the generating metal, and corresponding to the amount of electri- 
dty which would appear in current if all opposing causes were removed. 

= resistance opposed to E by the contents of the cell, arising for 
the most part from the affinity of the elements of the exciting liquid for 
each other. 

"r =: external resistance, arising chiefly from the imperfectly conduct- 
ing nature of the wires used to convey the current. 

"as active forces or the amount of dectricity which really reaches 
the end of the conduding wire. 

E 

a= 

B+r 

"The theoretical value of E is diminished materially in practice by 
the affinity of the conducting plate for the ingredient of the exciting fluids 

which tends to combine with the generating,' j)1;\te ; tins affinity, however 
weak, is still seldom absolutely null. Tlie mutual affinity of the separated 
elements of the fluid evolved at the surfaces of the plates also lessens the 
intensity of E. 

« *S!bB internal reristanoe, B, varies directly with the distance^ D, be- 
tween the two plates, and is inversely as the area of the section, B, of the 
exciting liquid. Thus the real resistance is equal to the former divided by 
the latter, or 




"r, or the external resistance, so far as it is dei>endent on the conduct- 
ing wirc^ varies moendy as tiie square of t2ie diameter of, the wire, S, and 
diMctly aa its length I, or 




It must be remarked that the foregoing estimate of electrical force and 
resistances does not take into account the actual loss of electricity by the 
want of proper direction. The chemicsl action tbat converts any given 
quantity of zinc into a metallic salt develops, with the best anangement, a 
given quantilgr of electricity. Let it be assumed that one ounce of zinc 

* Elements of Natural Philoaophy. 
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will generate an amount of electricity eqaivaleiit to 1000 ; that quantity 
will not be diminished by the resistances conadered by PhKfeiBor Ohm 

Those resistances relate exclusively to the time in which a given amount 
of electricity can be generated, and have no relation to actual loss of 
electric force. Thus, iu a well-constructed voltaic apparatus no more elec- 
tridty is generated than can flow in a current tlurough the conducting 
wire. If 3ie resigtance to the eorrent be incr c ea e d by diminiabing the 
thickness of the wire or by adding to its lengtii, the action of the gene- 
rating-plate is diminished in a corresponding degree, so that if only half 
the electricity is developed, only half the quantity of zinc is consumed; and 
to whatever extent the resistances arc increased the ounce of zinc will, 
theoretically at least, produce its equivalent of electricity, though iu a 
longer time. 

In practice, however, an actual loss of electricity does genenlly ocenr, 

arising principally from what is called " local action** in the generating- 
plate. If a plate of zinc were perfectly pure and homogeneous, no chemical 
action would ensue when it was immersed in dilated acid. But zinc, as it 
is commonly procured, contains copper, iron, and other impurities which 
sorre to set up voltaic action over its whole surface when exposed to diluted 
acids, which canse a rapid decomposition of the liquid. The positive and 
negative electricities thus generated immediately combine, and are neutra- 
list imperceptibly, and thus so much electric force is absolutely lost. 
This local action is in a great measure, though not entirely, prevented by 
amalgamating tlie zinc plates with mercury : tliis is readily done by first 
dipping them in diluted sulphuric acid, and then sprinkling a few drops of 
mercury on the surface and rubbing them over with a eoik. The eflSsot of 
amalgamation is to produce a hcmiogeneous snrfiEuse, and to protect the zinc 
-from the action of the diluted acid until the affinity of the liquid for Uie 
metal is increased by the agency of the conducting plate. 

The electricity generated by a single ]niir of plates possesses a very 
low degree of intensity. The qiuudUy is only limited by the size of the 
pLates, but no increase of size alone will add to the inbenaUy of the force. 
Thus, though a pair of large zinc and copper plates, excited by diluted 
flulpbnrie add, will fuse any of the metals, they cannot decompose a drop 
of water; because in the latter case the force is not sufficiently energetie 
to overcome the resistance of the fluid. 

To increase the intensity of the force it is necessary to form a series of 
conducting and generating plates on the principle of Yolta's aiiangement 

d cowrwiam de iastet. 

It will simplify the explanation 
of the mode of operation to consi- 
der, in the first place, the combined 
action of two pairs of plates only. 
In fig. 42, A and b are two cells, 
containing diluted sulphuric acid. 
Into cell ▲ an amalymated zine 
plate z is immersed ; it being con- 
nected by a wire to a copper plate 
c in the cell b. No voltaic action 
would ensue between those two 
plates ; because, bciug iu separate 
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ceUfl, Uie hydrogen elem nt of the particles of water set free at tiiexme 
plate eould not be transferred to the copper. But by introducing a second 
pair of zinc and copper plates z and c' into the cells, the transfer could 
take place, and tlie electric current would pass ; first from z to the copper 
c\ thence it would be conducted to the second zinc plate z by the con- 
necting wire, and from tibat tiirough the fluid to and bai^ again to the 
first generating plate by the wire, whidi completes tiie cirouii. 

In tracing the course of the electric cmrrent thus established, no notice 
Las been taken of the action of the second zinc plate. If thnt be con- 
sidered as inactive, except as a conductor, the quantity of clecti n ity trans- 
mitted would be very small, owing to the resistance of the imperfectly 
conducting liquid. But the zinc plate in the second cell is acted on by 
the diluted add equally with that in the first; and the effect is to nearly 
double the energy of the electric current excited by the action of the acid 
on the firflt sane plate. 

The cause of this increased action is easily intelligible, on the suppo- 
sition that the electricity excited by each zinc plate is carried forwani to 
the next in succession. Thus, for instance, a certain quantity of electricity 
having been excited by the zinc plate in cell a, it is transferred to the 
conducting plate e' in the same cell ; and if a metallic connexion were made 
between those two plates, the electridty would be direcdy returned in a 
short circuit to z. But as there is no metallic connexion with the zinc, 
the electricity must pass through the wire to the surface of z , which acts 
as a conducting plate. The action of the acid in the second cell on the 
zinc excites at the same time a quantity of electricity equal to that it re- 
ceiTes from the first plate y and this accumulated quantity being compressed 
wttlun die same space is transmitted with redoubled energy through the 
flmd to the second conducting plate c, and thence by the wire to the first 
generating-i)late z, to restore the electrical equilibrium. 

According to this view of the action of a voltaic battery consisting of 
two pairs of plates, the electricity excited by the first zinc is transferred to 
the second, where its force is doubled hy the excitement of an equal quan- 
tity, and both united traTerse the wire of tiie return circuit. On arriving 
at the firat zinc, half the quantity is parted with ; but an equal quantity of 
fireeh electridty is excited, and is carried on to the second zinc, where the 
same process is rppoi\te<l ; and thus the electrical equilibrium is continually 
disturbed and continually restored after traversing the wires that connect 
the plates at the extreme ends. When greater numbers of zinc and copper 
plates are united in a series, a similar transference of electricity from plate to 
plate takes place with a progressively increasing quantity and intensity of 
force, the action being oontinued as long as the series remains unbroken, 
or until the fluid becomes saturated with sulphate of sinC| and further 
chemical action is prrvonted. 

It is necessary to stale that the preceding explanation of the action of 
the voltaic battery difiers from the view taken uf it by Dr. Faraday, and 
after him by most other writers on the subject. In the opinion of Dr. 
raraday^ a&ition to the number of plates in a series occasions no addition 
to tiie qtumltUy of electricity generated by the first pair of plates, but 
merely serves to give increased intensity to that quantity. Thus the most 
powerful effects produced by a voltaic battery consisting of 1000 pairs of 
plates are assumed to be caused by the same qmniity of electricity that is 
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excited by a single pair only of the series : the exalted action in the former 
case being attributed to an inerease of intensity without any addition to 

qnantity. 

This view of the native the action of the voltaic battery is sup- 
ported by numerous ingeniously-contrived and apposite experiments ; * but 
though fully dis})oseJ to pay the highest ]>ossible respect to so great an 
authority as Dr. Faraday, we think he has failed to establish the position 
that increased intensity is not accompanied by addition to quantity. 

There are many arrangements of Toltaic batteries for the development 
of aocoinulated electric force in different modes, but they all depend on 
the same principle. The most compact is Cruikshank's modification of the 
voltaic pile. Zinc and copper plates of equal size are soldered together, 
and then cemented into a wooden trough. Each pair of plates is fixed less 
than half an inch &um each ojther, care being taken that all the zinc and 
copper snrfiMses are tamed the same way. The compartmoitB between the 
plates form water-tight cetts, into which diluted add, or other exciting 
liquid, is poured. A piece of wire is introduced at each end to complete 
the circait through any substances to be subjected to the voltaic action. 




fig.4S. 

A series of fifty small double plst^ may be cemented into a trough 
two feet and a half long ; and two such batteries, with plates two inches 
B<[uare, will give a rapid succession of smart shocks, and will exhibit most 

of the phenomena of voltaic electricity. The disadvantages of a battery 
of this kind are, that the exciting liquid cannot be emptied at the end of 
each experiment without much trouble, and there is some difficulty in 
cleaning the plates when they become corroded. By emptying the cells as 

T . ^ T soon as possible and washing; them 

^ - with water, a battery of this con- 

struction may, however, be kept 
in order for a considerable time; 
and when voltaic electricity of high 
intensity and small quantity is re- 
quired, a Cruikshank's battery, with 
plates about two inched square, is 
veiy oouyenient. 

.An anangement contrived by 
Dr. Babington affords the advantage 
of making the plates easily accessi- 
l)le for the purpose of cleaning, and 
also of removing them from the 
liquid when the experiment is ended. 
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An earthenware trough is divided by plates of the same material into 
water-tight compartmenta sboiit two incoea wide, ao aa to form a number 

of odls. Each pair of zinc and copper plates is connected by a strip of 
copper, instead of having their aai&oea soldered direetly against eaeh otner, 

and the zinc and the copper are placed in separate cells. This arrange- 
ment, indeed, very closely resembles that cL courmuie de tosses of Volta ; 
but it is more compact, and as all the copper and zinc plates are attached 
to a piece of wood, they can be readily lifted out of the exciting liquid 
wben not in nae. This is a great eonvenienoe wlien a continued aeriea of 
experiments is conducted at short intervala. Aa the earthenware teongh 
with fixed divisions is liable to be broken, and is rather difficult to manu- 
facture, it has been found more convenient to have the oella made aepa- 
rately, and to enclose tliera in a wooden case. 

The original form of the trough has b^en recently very extensively 
used for the electric telegraph, though made of other materials than earth- 
enware. Moat of the batteriea of the Eleotric Telegraph Company, nntO 
very recently, were conatnicted in wooden trouf^ha, with partitions of alato 
made water-tight by means of marine glue. These, again, are being sup- 
planted by troughs made of gutta-percha, which are very much lighter, 
and the cells can l>e more effectually prevented from leaking. The plates 
of these batteries are connected by strips of copper, which are bent into 
ardiea, so as to admit of each unattached pair of platea being inserted into 
aeparate cells. The zinc plates are well amalgamated, and are allowed to 
remain in the cells day and night, the local action being in a great measure 
prevented by filling each cell with fine sand, and by using sulphuric acid 
diluted with about twelve parts of water. A voltaic batter}-, with sand 
and diluted sulphuric acid, will continue in good action, with occasional 
additions of acid, for two months before the zinc plates require to be cleaned 
or re-amalgamated. The consumption of zinc on the numerous and ex- 
tended lines of the Electric Telegraph Company ia very great, the cost of 
battery-power amounting to nearly three thousand pounda in a aingle year. 

Batteries in which graphite is substituted for plates of copper have 
been introduced by Mr. C. V. Walker in working the electric telegraphs 
of the South-Kastem Railway Company, and with very good results. One 
of these batteries of twelve pairs, of which a record was taken, was kept in 
daily action for ninety-seven weelu without having been waslnd or having 
the sand changed. It was supplied with about a deaaert-apoonful of add- 
water twenty-one times during the 
period it was in action, and six times 
with merely warm water. In one in- 
stance it did duty for seventy-seven 
days without having been touched.* 

Dr. WoUaaton contrived the ar- 
nngement shewn in fig. 40 for obtain- 
ing the greateat amount of power firom 
a given surface of zinc. The copper 
plates c c c are doubled, so as to expose 
a conducting surface to both sides of 
the zinc plates, bb b. The plates are 
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alflo broughi as close together as possible without actual contact. They 
are secured to a bar of wood, and are kept apart by pieces of cork. With a 
battery of this kind, consisting of a few pairs of large plates, prodigious 
heating power is produced, though the intensity of the electricity is too 
feeble to communicate a shock. 

The hatteiy invented by Professor Danielle the action of which has 
been previously noticed,* is constructed on a different principle. It is 
found in the voltaic arrangements before mentioned, that the zinc and 
copper plates immersed in the same cell are liable to have their action im- 
pctled, and ultimately altogether arrested, by the transfer of zinc to the 
copper surface. The action of the conducting plate is also greatly retarded 
by the accumulation of hydrogen gas ; so much so, indeed, that very fre- 
quently, after the first minute the battery has been put in action, not more 
than one-tenth of the original power is obtained. In Professor DanielTs 
battery the zinc and copper pkfcet are kept apart by means of porous 
earthenware cells, or by pieces of animal membrane, which, thoiie:h suffi- 
cient to prevent the passage of metallic particles, do not materially inter- 
rupt the voltaic action. 

Fig. i6 shews an arrangement of a single cell of this hind : c is a 
copper cylindrical vessel, with a binding screw b, soldered to one edge for 
the purpose of holding a connecting wire. Into thia 
copper cylinder a porous tube D, closed at the bottom, is 
[ introduced ; and into the tube is placed a rod of amalga- 
mated zinc z, with a binding screw at the top. A solu- 
tion of muriate of soda (common salt) is poured into the 
V porous tube, and the outer copper vessel is nearly filled 
' with a saturated solution of sulphate of copper to which 
a little sulphuric acid has been added. 

When metallic connexion is made between the rod 
of zinc and the copper cylinder, active excitement of 
voltaic electricity occurs. The oxygen of the acid com- 
bines with the zinc, and the liberated hydrogen j)asses 
through the porous cell to the copper. It does not, 

however, escape in the foim of gas, but it enters into 

ilg.4e. combination with the oxygen of the sulphate of copper, 
and the metal, being thus deprived of its oxygen, becomes 
*' revived," and is deposited in a metallic form on the inner surface of the 
cylinder. By the continued absorption of hydrogen by the sulphate, and 
the deposition of copper, a bright conducting surface is maintained ; and 
this constant renewal of the conducting surfEice not only increases the 
intensity of the action, but maintains it with a steadiness that cannot be 
attained hj any of the batteries previously described. 

The constancy of action })eculiar to this arrangement has obtained for 
it the name of ihe " constant battery." To maintain its constancy, the 
solution of sulphate of copper should, however, be preserved in a satu- 
rated state by the addition of cry stals of the metallic salt ; and wl^en this 
precaution is observed, a Darnell's battery will continue in action for 
several days without much diminution of the original force. A ledge per- 
forated with holes is generally fixed inside the copper .cg^inder for holding 

• P«ge 43. 




Digitized by Google 



BxansKmrT or youtaio blbcibicity. 



107 




fig. 47. 



cf} stals of the sulphate^ which gradually dissolye and keep the solution in 
a saturated state. 

The Taltaio wxangement oontriyed bj "Mr, 
Smee deserres special notice from its genenl uti- 
lity. The principal differences between it and a 
battery of Dr. Babington's arrangement consist 
in the material of the conducting plate and in 
the mode of placing it. The conducting plate is 
made of Bilver-foil platinized; that is, a thin 
coat of platinmn is depoeited on the rilver by 
the electrotype process. The minntdy-dlTided 
particles of platinmn that thus coyer luid adhere 
to the silver present a greatly-enlarged surface 
to liquid in which it is immersed, by which 
means a smaller-sized plate answers equally with 
a much larger one of smooth metal, riatinum 
also being a metal less readily oxidised than cop- 
per, the effect of tiie Yoltaic arrangement is 
heightened by the greater dissimilarity of the 
two metals. The platinized silver-foil is fixed in 
the centre of a wooden frame s, and two zinc 
plates, z z, well amalgamated, are attached to the 

upper rim of the frame by a brass clamp, which has a binding-screw oon* 
nected with it By this arrangement the zinc plates can be very readily 
removed and deaned. In this respect a &nee*8 battery is more conve- 
nient than any other ; its action also approadies a Daniell's battery in 
constancy. These are important advantages, which render this form of 
voltaic battery the best that can be used for general purposes. 

The substitution of graphite for the platinized silver plates promises to 
be a still further improvement. With graphite conducting plates there n 
no OGcadon for the wooden frame. A smgle zinc plate, with a binding* 
screw soldered to it, occupies the central place, instead, of the platinized 
foil, and two flat pieces of graphite may be clamped on each side ; care 
being taken to insulate the zinc from the graphite by small strips of var- 
nished wood. It will be observed that in this disposition of the apparatus 
Avith the graphite, the position of the exciting zinc in reference to the 
conducting surfaces is transposed, as well as &e proportions of each to 
the other being reversed ; a single plate of zinc bemg placed between two. 
conducting surfaces instead of &e conducting snrfEkoe being in the centre, 
with a zinc j)late on each aide. 

"When a battery of great power, and occupying comparatively small 
space, is re<[uired, Mr. Grove's arrangement is commonly employed. The 
intensity of its action depends on associating two metals the most dissi- 
milar in their chemical characters, and exposing one of them separately 
to the strongest ezdting add. This can only be done by using a porous 
cell, which keeps the zinc from the destructive action of the powerful acids 
employed, and to which platinum is exposed in a separate compartment. 
The porous cell which contains the zinc is filled with diluted sulphuric 
acid, in the proportion of one of acid to four of water ; and the other 
vessel, with the platinum-foil, contains equal proportions of concen- 
trated nitric and sulphuric aoidB. With a battery of this cooBtmctiiHi 
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consisting of fifty pairs four inches long by two wide, and which does 
not occu{)y more space than eighteen inches equare^ the most powerful 
efleds may be ptoaneed ; mefcal wires being melted Into globules and 
dissipated in oxides, and a dazzUng flame upwards of an indi long pro- 
duced between charcoal points. 

There are various other arrangements of voltaic batteries, but we have 
described nearly all those that are constructed on distinctive principles. 
The object in every case is to obtain from a given quantity of the exciting 
metal the greatest possible amount of coirent electrioitj, without allowing 
the power to be wasted in other ways. The consumption of a given 
weil^t of zinc cannot^ by any possible combination, excite more electricity 
than will decompose a quantity of water equivalent to that which is de- 
composed by the chemical affinity of the metal for oxygen. Thus sup- 
posing two grains of water to be decomposed in the generating cell, and 
eight grains of «inc to be oxidized, the electricity generated during the 
process cannot be more than sufficient to decompose another two grains of 
water. The power obtained, even by the best arrangements hitherto con- 
trived, seldom amounts to so much. By increasing tiie chemical action of 
the liquid on the generating plates, the energy of the battery is increased, 
but most fre(]uently not in proportion to the consumption of zinc. By 
bringing the plates in the generating cells nearer together, the energy of 
the batievy is also increased, by Him<niaM«g the Intenrenisg fluid resist- 
ance; but this may be att^ded with waste of power if the plates be 
brought too close. 

Economy of construction is an important consideration when experi- 
ments are conducted on a large scale, and this must in general prevent 
the adoption of platinum. The use of porous cells for the purpose of 
preventing the deposition of zinc on the conducting plate is very advan- 
tageoiis, but the high price at which they are sold in this country limits 
Iheir use, for after a time the pores become clogged and the vessels require 
to be replaced. This cannot be done in London at a cost of less than 
ninepence for each, thou r^'li small ; but the porous vessels which are used in 
the batteries of the electric telegraphs in India we purchased there at the 
rate of twenty for one hal^enny. Several contrivances have been adopted 
to sonre the purpose of porous earthenware, such as brown-paper bugs, 
bladder, and sail-doth, but eadi has its inconvenience, and there is still 
wanting some cheap substitute for the earthenware vessels that are now 
sold at such extravagant prices. 
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CHAPTER XIL 

PHENOMENA OP VOLTAIC ELECTBICITY. 

Diflerent conditions of Friction al and Voltaic deetiicity— Hie two polet of the battery 
— How to distinguish thorn — Mystification caused by new tenns — Voltaic art'on 
immediate and continuous— Its rapid transmission exemplified — Rcaistance ot wire« 
to the electric current — Heating effects of the Voltaic battery — Combustion of car- 
bon— Bxtmoffdimiy phjMigieiil efliBCtt— Contiivaoeet ftr giving fhedke— Wato^ 
batteries — Intensity of theiractioii'— Mr. CnNie'f W8ter>batteTy — Caoie of the inten* 
uty of «ate>batteiie«i 

Thb power developed by a numerooB series of volUtic dements^ fhongb 
in many respeda resemUing Huit of an electrieal battetyy is in several 

particulars dissimilar to it. The diiference in the phenomena may be 
attributed chiefly, if not entirely, to the different degrees of intensity in 
which the two kinds of electririty are excited. Even when the intensity of 
the voltaic battery is increased by the reduplication of the power fifty times, 
the electricity has not sufficient energy to pass through the smallest space 
of resisting air in the form of a spark, nor can it exert an attractiTe force 
on ligiit non-conducting bodies. Thus, when ^ electricity excited by 
several pairs of large plates has sufficient power to melt metals and to 
give a stronfj electric shock, the presence of electricity is not appreciahle by 
the most delicate pith-ball electrometer. But when the elements are in- 
creased to the number of two or three thousand, as in Mr. Crosse s extra- 
ordinaiy water-hattery, the Intensily of vdtaie eleelricity becomes so fir 
augmented, that a spark will pass between the oonnectkig wires before 
contact, and the electrometer is very s^idbly affected. 

The experiments of ^fr. Crosse have supplied all that was wanted to 
shew the complete identity of the two forces, and to prove that the differ- 
ence in their modes of action depends alone on the degree of intensity in 
which they are excited. 

The eleetricity developed at the oppodte ends of a voltaic battery ap- 
pears to bear the same relation to each end as the electricity of the inside 
and outside of a charged Leyden jar. One end therefore is considered to 
be negative, and the other to be positive. If the wires from the termi- 
nating zinc and co})i)er plates be furnished with platinum points, and 
inserte<l into a glass filled with water slightly acidulated to increase its 
conducting power, the fluid will be decomposed, and bubbles of hydrogen 
gas will rise from one wire» and bubbles of oxygen gas' from the ether. 
It will be found, on collecting the bubbles of gas in sepurate' roeehrers^ that 
the oxygen is liberated firom the wire connected with the copper end 
of the batteiy, and the hydrogen from the wirr connected with the zinc 
In all cases of electro-chemical decomposition it is also found that tlie ele- 
ment which collects at the wire from the copper corresponds with that 
wbidi collects at the positive wire of the electrical machine ; hence it is 
infim^ed that the electricity evolved from the wire connected with the 
copper of a voltaic battery b identical with pontive friefcional electricity, 
and that the electric current proceeding from the zinc ij? negative. The 
copper and zinc ends of a voltaic battery are, therefore, commonly called 
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poeitiTe and negatire ** poles the word pole hsmg been given to the 
opposite ends m>m die polar arrangement which, in some inwtaneew, ap- 
pears to be induced by voltaic action. 

It is difficult to avoid confusion in speaking of the opposite poles of a 
voltaic battery. This difficulty arises partly from tlie nj^parent generation 
of the electric force by the conducting plate, which is in reality inactive j 
it is partly to be attiibuted to the di£rent arfangements of the zuic and 
copper platea in different batteries *, and it is increased by the Tariona 
names that haTO been arbitrarily given to the terminal wires. 

When the electricity of a single pair of zinc and copper plates is con- 
sidered, it will be obsen^ed that thoii trh the electricity is excited by the zinc, 
the electric current proceeds to the copi)er, and theuce is returned by the 
conducting wire to the zinc. Therefore when the ends of two wires, one 
from the zinc and one from tJie copper plate, are inserted into a eondnctmg - 
fluid, the positive electricity will enter from the wire connected with the 
inactive or negative plate, and at that point the effects of positive electri- 
city will he ] produced ; whilst negative eftects will be developed at the wire 
connected with the generating plate. 

The contradiction apparently involved in this statement will disappear, 
when it is considered that the electric current excited by the zinc always 
tends towards the copper, which serves to conduct it back again to the 
generating plate ; and that though the electricity appears to proceed from 
the copper, that metal operates only as the conductor of the fflurent, which 
is assumed always to proceed from the copper to the zinc. The same 
effect takes place when several zinc and copper plates are combined. The 
wire leading from the copper end of the battery will be positive, because 
it is conducting the accumulated electricity on its return to the zinc end ; 
and the other wire will be negative, because it is receiving the flow of 
electricity, and is couReciuently in a less highly chaiged condition. 

In using a voltaic i)ile or a Cruikshank's battery, mistakes are likely 
to arise in consequence of the last zinc and copperplates not being active, 
but merely serving as metallic conductors. In a Cruikshank's battery, 
for instance, a small cell is generally left at each end without any corre- 
sponding plate opposite the last rinc and the last copper ; thus, when a 
conducting wire is introduced at the end where the sine ia the last of the 
series, it is the same in effect as if the conducting wure were connected to 
the copper, for the last zinc plate is soldered to the copper only for uni- 
formity, and is altogether inoperative. It would, indeed, be better if the 
terminal plates were cemented to the end of the trough with a binding 
screw attached to hold the wire, and then no confusion from that source 
would arise. The same obaerration applies to the vohuc pile, tiie end 
plates of which, to avoid mistake^ should consist of a single rinc <tisc and 
a single copper disc. 

We have before expressed regret at the introduction into electric science 
of new terms, derived from the vocabulary of a dead language, which serve 
to mystify, to perplex, and to mislead. Tlie difficulty attending the clear 
comprehension of the right character of the two ends of the voltaic battery 
'has been by this means increased. To call the extreme copper and zinc 
' plates in a continued series, and the wires connected with them, the aids 
' of the battery, expresses clearly and simply the fact, without giving 
sanction to any doubtful theory; But the word end " was not deaned 
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snffidently dignified. " Terminals " Bounded better, but not being so ge- 
nerally undenftood it ms no improvement. As the action of a Toltiiic 
battery produces in some caseB a polar arrangement, the name poles** 

was introduced, and the negative and positive pole of a battery have be- 
come familiar terms. The implied polarization was however objected to, 
and the word "electrode" has been concocted from the Greek electron, 
amber, and odoSf a way or door, signifying the door into and out of which 
the electric cmrent passes. As, however, it is questioned by Faraday 
himself, who sanedoned the term, whether there is any actual entrance and 
exit of electricity, and whether there is any current whatever, we may 
be permitted to doubt the appropriateness of tliQ term ; and even if the 
signification be admitted, we should much prefer its expression by an 
English word. 

Again, the terms " positive and " negative " were objected to, as sig- 
nifying conditions of electricitj, of the correctness of wMch many enter- 
tain doubts. With a view to improve the nomenclature, the much more 
objectionable terms " anode *' and ** cathode ** have been introduced, sig- 
nifyinfT an upward and a downward way, and founded on a fancied re- 
semblance between the direction of electric currents round the earth, and 
the rising and setting of the sun. The anode " is tlie electrode at which 
the current enters, the "cathode"* the electrode at wHch the conent leaves, 
the decomposing fluid ; the former being in &ct the positive^ and the 
latter the negative end of the battery. 

When the wire from one end of a voltaic battery is connected with 
the wire from the opposite end, voltaic action instantly commences ; and 
it as instantaneously ceases when the connexion is interrupted. The 
rapidity with which the electric circuit may be completed and broken has 
no ascertained limit ; nor does it appear to be controlled by resistance 
-caused by traverring miles of wire. 

If a number of short lines dose to^^ethcr be drawn with varnish or 
other non-conducting liquid on a smooth metallic surface, and a metal 
point in connexion with one of the poles of a voltaic battery be drawn 
rapidly over them, the electric current will pass at every minute interval 
between the lines, and will be interrupted each time that the lines of var- 
nish intervene. To prove lliis experimentally, draw a number of straight 
«trokes with a pen dipped in Tamish on a piece of tin-foil a, fig. 48, and 
connect the foil with the copper end of a small voltaic batt^. On to 
another strip of tin-foil d, con- 
nected with the zinc end of the 
battery by the wire z, lay a piece 
of paper b, that has been soaked in 
a solution of diluted muriatic acid 
and prussiate of potass. Bend a 
steel wire, w, so that each end may 
be drawn at the same time over 
the moistened paper and the lines 
of varnish. By this arrange- 
ment the electric circuit will be 
•completed whenever the ends of 
the bent wire press on the foil and on the paper, and it will be 
l>roken as the pdnt passes over the Yamish. However rapidly the wire 
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IB drawn across the varnish lines the band, ilio mnlv'ng and breaking 

of contact will be indicated on the paper by a line of blue dots. If the 
wire be drawn along veiy quickly the marks will be more faint, but the 
presence of electric action and the discontinuance of its action may be 
perceived, even when the connexion is made and broken one thousand 
times in a second. 

Though the intensity of Yoliaic electricity is beyond aH calculation 
leas than that of electricity excited by friction, it nevevthelesB passes along 
a conducting wire as quickly as the discharge of a Leyden jar. In an 
experiment performed last autumn before the Court of Directors of the 
East India Company on Warley Comxnon, a current of voltaic electricity 
was sent through ten thousand yards of copper wire, and a fuse at one 
end of the battoy was ignited without any ^perceptible inteiral of time, 
as soon as connexion us made between the wires i the fuse having been 
introduced near the end of the circuit that the cause and effect might be 
seen to be instantaneous. In passing through a length of 2000 miles, 
however, a perceptible inter\'al is observed between making connexion 
at one end and the resulting effect at the other. 

It 18 a peculiar property of voltaic elecfcridty, depending on ito low 
degree of intenrity, that it will traverse a circuit of 2000 miles raiher 
than make a short circuit by passing through an interval of resisting air, 
not exceeding the hundredth part of an inch. Frictional and atmospheric 
electricity, on the contrary, -will force a passage across a considerable in- 
terval, in preference to taking a long circuit through wire ; or nt least the 
greater portion of it will pass through the air, though some part of the 
charge wiU in all such esses traverse the wire. The resistance offered by 
a long thin wire to the passage of intensity dectrioity resembloi in effect 
that of an imperfect conductor, and if there w^ no other course through 
which to force its wfiv. the conduction of a charge of electricity by along 
wire would occupy an appreciable time ; as a Leyden jar may be discharged 
gradually through a wet string. When quantity is combined with in- 
tensity, the resistance offered by a thin wire occasions its fusion. Instances 
• of this sometimes occur during thunder-storms, by the destruction of the 
galvanometw-ooils of the electric telegnqsh by lightning. To protect the 
instruments from such accidents, advantage has been taken of the different 
modes of conduction by voltaic and fnctional electricity, and the coil is 
protected by a liglitnin^'-conductor consisting of a thick piece of brass in 
which there is a minute interruption, quite sufficient to prevent the voltaic 
current from being diverted from the long drcnit into the short one, but 
through which the lightning forces a passage in preference to encountering 
the resistance of the coil. 

The heating effects produced by the concentration of voltaic force in 
a series of plates may be fully shewn by a battery con'^isting of ten pairs of 
plates in Smee's arrangement, each plate being not less than six inches 
square. With such a battery in good action, all the metals may be burned 
by attaching strips of the thinnest leaves into iriiich they can be beaten 
on to a wire connected with one of its poles, and then bringing the wire 
from the other pole into contact. The metals will thus be deflagrated 
with a brilliant light, the colours of the flames differing with the metal 
operated on. Gold burns with a white light, tinged with blue ; silver 
emits an emerald green light ; copper burns with a greenish flame ; U^e 



Digrtized by Google 



PHSNOMSNA OF VOLTAIC ELECTBIOITT, 



113 



flime of lead is purple ; of sue, wbite tinged witii red ; and memuy bums 
with a pme brilliant white llglit. Short lengths of thin vires are made 

red hot and melted when stretched between the battery connexions. The 
lengths tbat may be thus melted are proportionate to the power of the 
battt^rv and the thickness of the wire. 

The deilagration of metals by voltaic action, though it apparently 
takes plaee immediatelj on maldng eontae^ is not so instantaneotas as the 
deflagration hy frictional deetridty. The difference in the rapidity of 
their actions may be shewn by the following experiments. Let equal 
short lengths of fine wire be covered with silk. First, discharge the con- 
tents of a battery of combined Leyden jars through the wire. It will be 
instantly deflagrated, the oxide being dissipated in powder, but the silk 
thread that covered it will be uninjured. Next, send a momentary eorrmt 
from the voltaic battery through an equal length of the eoVered wire by 
making an instantaneous connexion of the poles. The effects will now be 
the reverse of the former experiment; for the silk will be destroyed, 
whilst the wire Avill remain entire. In the first case the action ho 
rapid that the particles of metal are dissijiated before the silk, a bIow 
conductor of caloric, can be affected by the momentary presence of heat ] 
in the second experiment, the slower action of the ToltaiQ power has not 
time, duzing the short eontadi^ to exert its foil power and to melt the wire, 
though it heats it sufficiently to bum ihe silk. 

The most brilliant of the phenomena of voltaic electricity is the licrbt 
evolved between two charcoal ])ointei. To exhibit this effect a battery 
consisting of at least fifty pairs of copper and zinc plates four inches 
square is required. Two pointed pieces of graphite answer better than 
wood charcoal. They may be conveniently fixed to the rods of the uni- 
versal dischaigeri each rod being eonneeted witii the opposite ends of the 
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voltaic battery, as shewn in fig. 49. The two points must first be brought 
into contact ; and the electfie current being thus established, the pieces of 
graphite, after being heated, may be gradually separated from each other, 
to ^e dUtanoe of an inch and upwaidis without breaking the voltaic cir- 
cuit The space between the points is occupied by an arch of flame that 
nearly equals in dazzling brightness the rays of the sun. 

The Cfiuse of the phenomenon is not exactly imderstood. The light is 
not occasioned by ordinary combustion, for it is equally bright in a vacuum, 
and may be produeedi with diminished intensity, in water. It seems pro- 
bable that minute psrtideB of carbon become separated from the points^ 
and that their incandescence, under the influence of voltaic action, causes 
the briUiant light. M. de la Bive has produced a voltaic arch of nearly 
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equal brilliancy by substituting a finely divided ])rej>aration of spongy 
platinum for chnrconl. During the evolution of light from charcoal points 
there is a tran sfer of a minute portion of carbon from one to the other. 
A small hollow cone is made in the piece of char(-oal connected with the 
pomtiiTe pole of the battexy, and on the point of the negatively-connected 
dutrcoal a projecting cone is deposited that exactty fits the cavity. The 
light is accompanied by heat sufficiently intense to fuse any of the metals. 

The intimate relation subsisting betwec!i \ ( Itaic action and the nervous 
influence has not latterly pxcited so much attention as in the early days of 
the diacovery of voitaie electricity. The extraordinary contortions of the 
limbs on connecting the uerveti and muscles of recently killed ammals with 
the poles of a voltaic battery, gave rise to the impression that by the 
^ency of galvanism the vital fimctions might be earned on after death. 
Willis opinion has been to some extent realised by experiment. Dr. Philip 
succeeded in maintaining the resj)iration, the pulsation of the heart, and 
the circulation of the blood, in rabbits from which the spinal ninn-ow and 
brain had been renioyed ; and he inferred from these experiments " the 
identity of galvanic electricity and nervous intiueuce.** 

Some remaikabie experiments on the body of a reeentiy-^xecnted mur- 
der are recorded by Dr. Ure, who superintended the arrangements. The 
experiments were conducted in the theatre of anatomy at Glasgow. The 
body was that of a middle-sized, athletic, and extremely musc-iilnr man. 
He was taken into the theatre about ten minutes after he had been cut 
down, his face having at the time a perfectly natural aspect, and the neck 
not dislocated. The voltaic battery put in requisition consisted of S70 
pairs of plates four inches square. On placing one wire of the battery on 
the exposed spinal marrow on the neck, and the other on the sciatic near 
the left hip, " Every muscle of the body was immediately agitated with 
compulsive movements, resembling a violent shuddering from cold. The 
left side was most violently convulsed at each renewal of the electric con- 
^ tact. On moving the second wire from the hip to the heel, the knee bemg 
^ previously bent, the leg was thrown out with such violence as nearly to 
overturn one of the asnstantSy who in vun attempted to prevent its 
extension." 

' Tn another experiment, directed with the view of renewing the respi- 
, \ ratory process, " Full, nay, laborious breathing instantly commenced. The 
chest heaved and fell ; the 1>elly protruded and again collapsed with the 
relaxed and retiring diaphragm." One of the connecting wires having then 
been applied to the forohead, the other to the heel, " Every musde in his 
countenance was simultaneously thrown into fearful action ; ra^ liOTror» 
despair, anguish, and ghastly smiles xmited their hideous expression in the 
murderer's face. At this period several of the spectators were forced to 
leave the npnrtment from terror or sickness, and one geiiilenian fainted." 
Dr. XJre was of opinion tliat if the pulmonary organs had been excited 
before the spinal manow had been wounded, the man might have been 
restored to life. 

To produce physiological effects with the voltaic battery, intensity 
rather than quantity is required. To communicate an electric shock 
directly from the battery requires a series of fifty pairs of i)late«. and even 
then the shock is only feeble. Even with a series of one hundred pairs 
the intensity is scarcely sutiicient to overcome the resistance of the outer 
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-flkiiij without dipping the liaiids in addxilated water or an alkaline solution. 

The effect of the shock ia increased when the surface of contact b enlarged 
by ;ittac'hiiig small copper cylinders to the wires ; for by this means the 
imperfect conduction of voltaic electricity through the ^kin is compensated 
by the larger surface exposed to its action ; it being one of the properties 
of conducting bodies that a bad conductor of voltaic electricity offers no 
nuHPe resistance to an deotrie current than a good oonductor, proyided tho 
mze of the former be great in proportion to its degree of imperfect 
. conduction. 

: A voltaic battery of six large plates, capable cf fusing metals with 
facility, produces no sensible effect when the Avires from the opposite poles 
are held in the hands ; but when they are applied to the more delicate 
and sensitive substance of the tongue, a very strong and disagreeable sen- 
sation is experienced. By adding to the intensity of the current the phy- 
siokgieal e^cts are greatly increased, eyen when the quantity of elecfaricUy 
generated by each pair in the series is extremely minute. A water-battery 
was constnirted b}- Professor Daniell that consisted of 2100 series. The 
conducting surfaces were formed of pieces of copper tube, about one inch 
long and three-eighths of an inch in diameter, the generating surfaces 
being pieces of zinc wire soldered to the copper tubes, and bent so as to 
enter into the centre of each proximate copper tube without touching it. 
Small separste cups filled with pure water, into which each cop|)er and 
zmc element was immersed, completed the arrangement. This Lilliputian 
battery of numerous ele?i\onti excited a current of electricity closely ap- 
proaching in intensity to that of a Leyden jar. It gave shockS; emitted 
sparks, affected strongly a gold-leaf electrometer, and attracted light 
substances. 

The direct effects of tins battery were almost inappreciable when ap- 
plied to metals, but they could he multiplied in exactly the same manner 
as the effect of an electrical machine is increased. An extended coated 
surface of glass could be continuously charged by this water-batter}-, and 
then the quantitive effects were nmch greater. The charge was commu- 
nicated to a coated surface of several square feet almost instantaneously. 
A succession of disdiaiges was obtained to the same extent, but mm 
rapidly, as when the electrical battery was charged by a powei&l machine. 

Though the full charge which this water-battery was capable of com- 
municating was imparted almost instantaneously, there was an appreciable 
interval between each discharge of the Leyden battery sufficient to indicate 
that the voltaic action, though apparently immediate, consists of a suc- 
cetj^iou of efforts rapidly following each other. This is particularly the 
case when the current hss to pan through an imperfect conductor, like 
the human body ; the force seeming to require to be accumulated till it 
attains sufficient energy to overcome the resistance. When metals form 
the circuit, the electricity passes as quickly as it is generated, and there is 
in that case no occasion to increase the intensifcy by adding to the series of 
plates. 

A water-battery has been constructed by Mr. Crosse with much larger 
surfiRoes than those of Professor Daniell, and with the cells more carefidly 
insulated. A particuhur account of it is given by Mr. Noad, who was 
present during many of the experiments.* It consists of 2,S00 pairs of 

* Lectuics m Eleetiicitjr. 
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copper and zinc cylinders, most of whicb toe endooed in glass jars. They 

are all well insulated on glass stands, and are ranged on three long taLles, 
well j>rotected from dust and from the V\'j]\t — a situation which experience 
has shewn Mr. Crosse to be most favourable to this peculiar form of the 
voltaic battery. Thirty pairs afford a slight spark sufficient to pierce the 
cuticle of the lip, the hand making the oommnnieation being wetted ; 130 
pain open ibe gold leayes of the electrometer about half an inch ; 250 pain 
cause the gold leaTCS to strike the sides of the glass ; 400 pain give a Teiy 
perceptible stream of electricity to the dry hand ; 500 pairs occasion that 
part of the dry skin which is brought in contact to be slightly cauterised ; 
1,200 pairs give a constant small stream of electricity between two wires 
placed T^th of an inch apart, tui^ wires not having been previously 
brought into contact. This stream, when received by the dry hands, is 
exceedingly sharp and painful. A pith ball, a quarter of an inch in dia- 
meter, suspended by a silk thread, will constantly vibrate between the 
opposite poles. With 1,600 pairs, the stream between the two wires not 
previously brought into contract is very distinct ; it raay be kept up for 
many minutes, nor does it uppcax inclined to cease. The light between 
charcoal points, even with the whole seriesy is feeUe ; there is no flame, or 
approadi to it. When the opposite poIeiB of 2,400 pairs are connected 
with the inner and outer coanngs of an electrical battery containing 
seventy-three feet of surface, a continual charge is kept up ; each dis- 
charge being attended with a loud report heard at a considerable distance. 
Eacli of these discharges will i)ierce stout letter-paper, and fuse a consider- 
able length of silver-leaf, which it deflagrates brilliautiy, attended with 
loud snappings of light more than a quarter of an inch in length. Flati' 
num wire is fused at the extremity, and the point of a penhnife is soon 
demolished. Light substances are attracted at a distance of some inohee^ 
and repelled again. 

The intensity effects of a water-battery may be considered to be con- 
sequent on the bad conducting power of that fluid. The small (quantity of 
electricity generated by each zinc plate is transmitted from plate to |>late to 
the end of tiie series, and it is prevented from returning through the hquid in 
tiie cells by non-conduefcing resistance. Thus, though a much less quan- 
tity of electricity is generated, it is increased by each successive plate in a 
greater proportionate degree than when a better exciting, and at the same 
time a bettor conducting, fluid is employed. The greattir degree of inten- 
sity accumulated in a numerous series of elements makes the insulation of 
the edls more neeesmiy, which is a point hut little attraded to in voltuc 
batteries of few combinations, and excited by diluted adds. 
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CHAPIEIw XIII. 

SBCX>in>ABT CUBRKNT8. 

The Voltaic current dependent on re«atanee — Induction of serondarv currents on 
^ making and breaking contact — Induction of electricity in a separate wire — The di- 
zection (^Bsoondavy euxrents opposite to primary— Famdayli viewi of the Action of 
induced curMiili. 

The manifestation of the presence of electricity, whether excited by 
friction or hy chemical agency, depends, as we have previously observed, 
altogether on redstanoe to its diSoaion* Were there no vesisfcinff medlnm 
there vonld be no developmait of etedxie &ree^ because it woukI be neu^ 
tralized as quickly as generated by unimpeded conduction. A glass rod 
cannot be excited by friction unless the air be, partially at least, dry and 
non-conducting ; whilst, on the other hand, a metal rod may sei-ve as an 
electric, if the dispersion of the electricity be prevented by insulating the 
metal on a glass handle, which resists the flow of the electric Huid. It is 
resistanoe, uso, that in the same manner induces the manifestation of toI- 
taic electricity. Were it not for the resistance of the fluid in the cells of. 
fhe battery, which prevents the direct return of the electricity from the 
conducting plate to the zinc, no voltaic action could bp ]>erceive(l, for the 
positive and negative electricity ^vould be immediately neutralised. Jf, 
for instance, a good conducting mediimi were established by the introduc- 
tion of mercury into the bottom of the cells, there would be very energetic 
chemical action; there would be the excitement of electricity, but it would 
be inappreciable, because it would be conducted back to the zino plate as 
quickly as generated. It is evident, therefore, that without a resisting 
merlium electricity could not be excited. It is equally true, though not 
at first so evident, that the exhibition of electric force, wlicn excited, de- 
pends on the resistance made to its ptissage through the bodies on which it 
acts. Lightning passes imp<HPoeptibly throng a thick metallic rod, but 
shivers into pieces an imperfectly conducting oak. The Toltaic current 
also passes through a thick conducting wire without any observable effects ; 
but when the same current is obstructed by a thinner wire it develops 
heat. Even in electro-chemical decomposition, it is found that the de- 
composing effect is diminished when the liquid undergoing decomposition 
conducts electricity too freely. If, however, the resistance be too great, 
the electric current is so &r retarded as to diminish the action or to prevent 
it altogether ; and it is difficult in some dectro-chemicsl decompositions 
to determine how far the tfect is increaaed or diminished by increasing or 
diminishing the conducting power of the solution. 

The phenomena of induced voltaic currents present some of the most . 
interesting and important facts in electric science. We shall have to 
notice this inductive action more particularly when considering the phe- 
nomena of electro-magnetism, but there are some points which eome 
appropriately within the present division of our subject 

When contact is made and broken with the connecting wires of a single 
pair of y\aAM, the wins lued b«uig thick and the circuit shorty scarcely : : 

4 ^ »/ ' ' 
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any spark is v^ble <ni Inneaking contact ; but when the current passes 
through a long wire, a bright spark, accompanied by a sna^^piug noisej 
w81 be seen when the contact is suddenly broken. The effect increases to 

a ccrtuiii extent with the lenii^tli of tlic wire, aud if it be twisted into a 
spiral the spark is more bright and the snappinf^ sound is louder 

Such a result is directly at variance with the presupposed action of a 
voltaic current. the resistance iucreasea with the length of the wire, 
it might have been confidently predicated that the indications of electric 
force would decrease ynih. the diminntion of the quantity tnmsmitted 
instead of being in any way increased. The phenomena of this anoma- 
lous action of the voltaic current in long resisting wires have been in- 
vestigated by Faraday with the care and ability manifest in all his ex- 
perimental researches, and he has succeeded in elucidatmg from them 
some highly-interesting facts.* It was ascertained that the spark on 
breaking contact becomes brighter, and the electric development stronger, 
in proportion to the addition to length of the conducting wire; until 
the resistance of the metal as a conductor so far diminishes the quantity 
of electricity as to interfere with the effect. Having attained the maxi- 
mum result that mere addition to the length of the wire can give, the 
effect was much increased by twisting the wire into a spiral. The helix 
thus formed by coils of wcuHsovered wire allowed the same quantity of 
electricity to pass as when the wire was straight ; therefore so far as the 
direct action of the conducting wire was concerned the conditions were 
the same, though the amount of effect was different. The brightness of 
the spark and the strrn jith of the shock were still more augmented by the 
insertion of a l)ar of suit iron within the coil of covered wire. It was evi- 
dent^ therefore, from these variations in the amount of force, whilst the 
length of the wire and its resistance to the electric current renudned the 
same, that the increased effect could not be attributed, as was at first con- 
ceiyed, to momentum acquired by the electric fluid in its transmission, 
through the wires. 

Another remarkable fact developed in those researches was, that the 
extra current could be developed in a second and altogether separate wire 
placed parallel to the first ; and that when the power was thus imparted 
to the second wire, the primary one, through which the direct action of 
the battery was communicated, appeared to be no longer specially affected 
on breaking contact. To produce the current in the second ^vii it was 
bent double, so as to form a continumis circuit, and extended alongside 
the primary wire ; or, what was found stili better, tlie first and second 
wires, insulated by being covered with cotton or silk, were twisted into a 
spbal. to|;ether, and the two ends of the second were brought together to 
fonn a curcuit. From these and firom other fisMAs cHcited in the course of 
his experiments, Faraday arriyed at the condurion that the extraordin^ 
development of electricity is derived from a current induced in the wires 
at the instant of breaking contact, and which is only momentary in it^ 
duration. 

If any further proof were required that the cmTents thus induced are 
not dependent on mcreased energy in the conducting wire, it is afforded 
by the additional fact, no less canons than any other of these remarkable 

• Expoimnntal ReMsrchet, serieB ix« ' 
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pBenomeiia, that the secondary currents are m the reverse direction of the 
innxnary. If, for instance, a voltaic current from the positive to the ne- 
gatiye pole be suddenly broken, tlie Induced electricity is of the opposite 
kind to that which is transmitted through the primary wire directly from 
the voltaic battery. Thus the electricity induced by breaking contact 
in the wire from the podtive pole is negatiye, and that induced in the 
negative wire is pontire. 

A simple apparatus contrived by 
Faraday exhibits most satisfactorily 
the phenomena of induced currents, 
and the chan - e^ of their directions. 
A pair of zinc and copper plates, z c, 
were immersed in diluted acid ; o and 
s represent cape of mercury, wherein 
contact ma made and broken with 
the ^v^T€s A B, which formed a circuit 
through a long conducting wire ; two 
wirei^ N p, were attached to the long ^ 
circuit, and could be brought into 
contact atiK, or have an apparatus in- 
terposed there to indicate the diieo- 
tion and force of the induced currents. 
To produce a spark in the cross-wire 
junction, a piece nf -:oft iron was placed 
in a helix at d, and the ends of the 
cross wires were rubbed lightly to- 
gether whilst contact was broken at o or B hy raising the wires A or B 
quiddy from the mercury. In such circumstances a bright spark passed at 
a; at the moTiient of breaking contact, none occurring at g or e ; this spark 
exhibited the luminous passage of the extra current through the cross 
>vires. When there was no fontaet at x, then the spark appeared in tho 
mercury-cups when contact was broken j the extra current iorcing its 
way through the cell of the pair of plates. On introducing a fine platinum 
wire at« no visible effects occurred so long as the contact was continued, 
but on biealdng contact at a or B the fine wire was instantly ignited. 
Chemical decomposition was also exhibited by the cross-wire current by 
the introduction into tlie circuit of apiece of paper moistened with a solu- 
tion of iodide of potassium ; but the points at which the iodine and the 
potass appeared were the reverse of those at which they were disengaged 
by the diriect current. This proved that the momentary current induced 
in the cross wires on breaking contact was in the contrary direction to the 
primary current. The same fact may be more clearly shewn by the in- 
troduction into the circuit of the cross wires of a galvanometer, an instru- 
ment which will be more particularly noticed wi^ elecbro-magnetic phe- 
nomena. 

In addition to the hiduction of an electrie emrsnt on breaking con- 
taety it has been satis&ctorily proved that an extra current is also induced 

on making contact ; the direction of the secondary cuirait in that case 

being the same as the primar}\ In reference to the specific action of 
these induced currents' of electricity Faraday observes : " From the facility 
of transference to neighbouring wires^ and from the effects generally, the 
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ittdactiTe forces appear to be lateral, i. e. exerted in a direedon perpendicular 

to the direction of the originating and produced cuirents. There can be no 
doubt that tlie current in one part of a wire can act by induction upon 
other parts of the same wire which arc lateral to the first, i. e. in the same 
vertical section, or in the parts which are morr or less oblique to it, just 
as it can act in producing a current in a neighbouring wire or in a neigh- 
bouring coil of the aame wire. It ia this which givea the appearanoe of 
the eurrent acting upon itaelf ; but all the experiments and all analogy 
tend to Bhew tiiat the dements (if I may so say) of the currents do not 
act npon themselves, and so cause the efiFcct in (question, but produce it 
by exciting currents in conducting matter which is lateral to them." He 
also gives this important opinion : " Notwithstanding that the effects 
appear ouly at the making and breaking of contact, I cannot resist the 
impreanon that tiiere is some connected and oorrespondent eflEbct pro- 
duced by this lateral action of the elements of the dectric stream during 
the time of its contimumce.** 



BLSCTBO-CHEtllCAL DECOMPOSITION. 

Decomposition of water — Transference of the elements through intermediate Teasels— 
Famday's hypothesis— Infinitessimall v umall particles acted on— Suspension of che- 
mical afixnity by Voltaic action — iiuppojkjd identity of chemical affinity and electri- 
dtf— 'Decomposition of the alkjiliefr^Bomai^abloooiiilHMtioDof ptiper by Voltaic 
action— 'Decomposition of metallic salts — ^Definite adion olblectro*chemical totce 
— Klectro-chemicu! equivalents — Absolute quantity of eleottidty in bodiee— The 
qiumtit/ in a grain of water estimated — The Voltameter. 

We have already noticed th^t a succession of sparks from an electrical 
machine, or a succession of dischargea from a small Lejden jar, can pro- 
duce the decom]>osition of many compound substances ; and ^--HH in such 
decompositions certain elements attach themselves to the positive^ and 
others to the negatively electrified wires. These effects, and this peon- 
Haritj of action, which are observable only on a very limited scale in 
frictional dectricily, are largely and powerfully developed by the yoltaio 
battery. 

The decomposition of water affords one o£ the simplest and most satis- 
factory exhibitions of the decomposing power of voltaic electricity. A 
single pair of i)lates, when excited by diluted sulphuric acid, is not 
sufficient to produce the effect. The addition of another pair of plates 
imparts the required intensity, but only enough to exhibit the phenomena 
of decomporitioa in a feeble manner. With a combined series of twelTO 
cells most compound substances may be resolved into thdr elementary 
constituents very satisfactorily. When the connecting wires from the op- 
posite poles of such a battery arc inserted into a glass containing acidu- * 
lated water, tliere will be a copious discharge of gas from each, if the wires 
are tipped with platinum, the discharge from one of the points being 
more copious than from the other. ' 
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The form of appantos represented in fig. 51 is well adapted far the 

coBeotion of the products of the decomposition of water. Two glass tubes 
A, B, closed at the top, are filled with water slightly acidulated, and then 
inverted in a glass vessel of the same fluid, and lield iu position by the 
wooden lid d. To the bottom of the binding screws E, E, thick copper 
wires are soldered, which are bent under the tubes. The copper wires 
must be well Tarnished, excepting at their ends, which should be tipped 
with platinum. The wires &om the battery 
are oonnected to the apparatus by the binding 
screws. When the battery is put in action, 
a discharge of bubbles of gas takes place 
from the ends of the two wires, which, rising 
through the water in the tabes, oolleet at tiie 
top of each. The quantity of gas erolTed at 
the negative conducting surface exceeds that 
evolved at the positive surface, in the pro- 
portion of two to one, the former being 
hydrogen gas and the latter oxygen, in the 
exact proportions in volume that, when che- 
mically combined, constitnte water. When 
the positions of the wires connected with the 
poles of the battecy are reversed, the hydro- 
c:en and oxygen are evolved from the oppo- 
site points ; and under whatever circum- 
stances the experiment is conducted, it is accompanied with the same 
result) cYen when decomposition is emoted in serrate yessels. 

Let the three glass TesselB, 1, 2, 3, containing acidulated water, be 
arranged as in fig. 52, connected with filammts of wetted thread or asbes- 
tos b 6', and introduce into the two extreme glasses small strips of pla- 
tinum-foil connected with the opposite poles of a voltaic arrangement. 




flf.51. 





Hg.St, 

When the voltaic current passes from cthe positive surface, to z the nega- 
tive, oxygen gas wiU be evolved in No. 3, and hydrogen in No. 1, in the 
exact proportions that they were liberated when the wires were inserted 

in the same vessel. Under these circumstances, it wiU be observed that 
the hydrogen element of the particle of water decomposed, which is sepa- 
rated from the association with oxygen at c, must pass through the fila- 
ments b', throue^h the fluid in the central vessel, through the second fila- 
ments 6, and through the water in glass 1 to z, where it is evolved. No 
yariation in the amount of battery power employed produces any altera- 
tions in the proportions of the gases evolved : the only diffinenee attend- 
ing the increase of the electric force is to increase tiie quantity of the 
gases evolved, the proportions being in all cases those that combine to- 
gether to form water. When the experiment is arranged with conducting 
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surfaces of metals that easily combine with oxy«?en. hydrogen only is evolved, 
the oxygen portion of the decomposed water entering into combmation 
with the metal. It is for this reason that, when the two gaseous producta 
of the decompodtioii are required to be collected, platinum or gold points 
ifaonld be aaed. 

If ve assume that the process of decomposition is strictly limited to 
the same particle of water, and that the separation of its two elements 
takes place either at c or z ; that portion of the elemental gas which ap- 
pears at the other wire must traverse invisibly through the three vessels, 
must rise through the two bondlea of filaments, and descend again, 
without any portion of it escaping. Bat accotding to the view taken by 
Faraday of voltaic decomposition, as already explained,* the process is 
not confined to a single particle of the fluid, but each particle in the chain of 
communication is decomposed. Thus, commencing ate (tig. 41). the particle 
of water decomposed yields up its oxygen at that point, and the gas rises 
directly to the surface. The adjoining particle of fluid is also decomposed, 
but latently, the oxygen separated from that second particle instantly com- 
bining with the hydrogen liberated from the first, and parting with its 
own atom of hydrogen to the next particle ; this transfer of the hydrogen ele- 
ment being continued through all the particles of fluid in succepsiou until 
it arrives at the other battery termination, where, the series of .b romposi- 
tiona being ended, the hydrogen is liberated and rises to the surface as a 
bubble of gas. According to this hypothesis, which has recdred very 
general acceptation, the hydrogen liberated in babbles at one wire is not 
the same that was associated with the oxygen evolved at the other pole, 
but there is a complete cycle of voltaic changes, each particle of fluid in 
the chain of communication having underjjfone decomposition and recom- 
position with diti'crent though exactly efjual atoms of the same clement. I 
. The particles of water acted on during decomposition are most proba- • 
bly infinitessimally small* A bubble of li} drogcn gas the one hondredth 
part of an incb in diameter is distinctly visibly and one million of such 
bubbles would be contained in a cubic inch. Assuming the Imbbles to 
constitute an entire cube of gas, fifty of such cubes would weigh only 
a single grain ; and taking into calculation the oxygen element of the 
water, the evolution of u bubble of hydrogen gas j^j^tli of an inch in dia- 
meter indicates that a particle of water has been decomposed which could 
not have weighed more than the sixteen-millionth part of a grain. 

The aiTangement of the three glass vessels with asbestos connexions 
(fig. 52) will serve to illustrate, in a still more remarkable manner than 
the decompositio7i of water, the ju mliarity attending the transfer of the 
elements ot the detunijioscd body tlnough an intennediate solution. A 
solution of muriate of soda (common salt) being put into glas^ 1, a solu- 
tion of ammonia in 2, and an infusion of litmus in 3, it wiU be found that 
the muriatic add combined with the soda in No. 1 will be transferred 
through the ammonia without combining, and will be collected in the glass 
containing the litmus, as will be indicated by colouring it red. In this 
case, therefore, it will be observ^ed that the acid separjited from the salt in 
No. 1 is conveyed through a solution for which it has, in ordinaij circum- 
stances^ a strong chemical affinity ; but under the influence of voltaic elec^ 
tricity the action of diemical affinity appears to be suspended. 
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In die 6Dme maimer the elements of numerous other compound sab- 
stanoes may be inauafened through solutions of alkalies or adds without 

exhibiting any disposition to combine. This peculiar influenc^^ of t>io 
electric current is confirmatory of Faraday's hypothesis respecting the 
mode of electric conduction through fluids. Bj that hypothesis the appa- 
rent suspension of ohemical affinity in the intemediate vessel is attributed 
to the oontinned transfer of the add from particle to particle of the fluid 
with which it ultimately combines, no free acid being actually liberated 
till the chain of oonnexion is terminated by anriving at the opposite pole 
of the battery. 

The powei-ful influence of voltaic electricity in controlling^ chemical 
affinities led Sir Humphrey Davy to infer that chemical affinity is itself 
a mo^eation of deetric attraction, and that those bodies iriiidi com- 
bine most energeticaUy possess inherently, and in the greatest degree^ 
positive and negative electricities. Considering, thereforoi chemical af- 
finity and electricity to be idertical, lie conceived that the voltaic battery 
would afford the means of separating the most intimately combined 
elements by overpowering the attractive force with which they are held 
together. Acting on this opinion, he applied the power to the alkaUes, 
wnidi he and o£er chemists had predicted to be compound substances. 
The result of these investigations constitutes one of the greatest tiiumphs 
of analytical chemistry ; for by this means those important substances, 
the earths and alkalies, were discovered to be oxides of peculiar metals, 
distinct in many of their qualities from any of tho met^c bodies pre* 
viously known. 

The battery power employed by Sir Humphrey Davy was equal to 
that of 274 pairs of plates four inches square; but even with this 

poirarful apparatus it was not till after numerous failures that he suc-^ 
cceded in decomposing potass. The diflRculty experienced was to bring 
the voltaic influence to act upon the alkali ; for in a dry state the non- 
conducting property of the potass stopped the electric current, and when 
dissolved, the power of the battery was spent in the decomposition of the 

rons solvent. To apply the deetric force to the alkali itself Sir Hum- 
y Bavy adopted the expedient of maldng a crystal of potass transmit 
a current by the moisture of the breath on its surface. This had the desired 
effect, and the appearance of a globule of metnl (potassium) at the nega- 
tive iK>le of tlie batter}' was a glorious rewai'd for his intelligent and 
persevering investigations. 

The deoompodtion of the alhalies does not^ however, require a 
powerful voltaic airang«ment. This fact was experienced by the autiior 
in a somewhat annoying manner when experimwiting with the copying 
electric telegraph, the action of which depends on making marks on 
paper by electro-c!ie!nical decomposition. The paper was well moist- 
ened with a solntinn (tf prussiatc of potass in diluted nitric acid, and 
the voltaic current passed through the paper from a steel wire con- 
nected with the podtive pole of the battery. The effiuet intended to be 
produced was to de(K>mpose the pmsdate, and to cause It to combine with 
the iron of the wire to make a blue mark on the paper. The battery 
power employed con^iiAted of two troughs of a Cruikshank*8 arrangement, 
each containing fifty jiaii-s of ] bites two inches square. With this batter)- 
the paper was not only marke(i with a deep blue Une as the steel wire was 
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drawn along, but when not moving rapidly it was actually "pf on fire, for 
a small bright flame accompanied the steel, and burnt holes through the 
paper. The cause of this combustion was at first perplexing, as paper 
cumot be ignited by the direct action of Toltaic electricity however 
powerful. The smell of hydrogen gas shortly resolved all doubt, by indi- 
cating the combustion of potassium. The voltaic current, small in quan- 
tity as it was, had decomposed the prussiate-of-potass solution in the 
paper ; and as quickly as potassium was formed, it waa inflamed by com- 
bining with the oxygen of the aqueous solvent. 

The decompoffltion of metallic salts by voltaic electricity deserres 
special consideration, from the cireumstanoe that it fonns the basis of the 
important art of electro-metallurgy, which has already become of great 
practical utility, and promises to be extended much more generally. 

The processes of cleetrotypin^ and electro-gilding will be particularly 
noticed among the applications of electric science ; we shall now, there- 
fore, only consider the nature of the action of electricity in producing 
metallic dqMMsits. 

When a voltaic cmrrent is transmitted through a Bcdution of sulphate 
of copper, the water which holds the metallic salt in solution ia the substance 
decomposed, the deposition of the metal being a secondary result. Tlic 
hydrogcri disengaged from its particle of water at the conducting surface 
conncctt'ii with the positive pole of the battery, on being transferred to the 
negative surface combines with the oxygen that holds the copper in so- 
lution, and the metal is deposited. Thus, when small plates of copper 
connected with the poles of the battery are inserted in the soluUcm, the 
oxygen liberated ft-om the decomposed water is not evolved, but enters 
into combination \vith the copper, and forms with the sulphuric ncid a 
particle of sulphate of copper, wliich is immediately di^olved. Neither is 
the hydrogen on reaching the metal plate connected with the negative 
pole evolved in the form of gas, but it combines with a quantity of oxygen 
in the metallic solution, equal to the qtiantity with which it was associated 
in the original particle of water decomposed, and thus forma a new particle 
of water; whilst the copper, held in solution by the oxygen, is deposited 
over the surface of the metal plate. By the continuation of the process 
the coj)i)er from the positive plate is grfiidually transferred to the negative 
plate; not, it will he observed, by the direct decomposition of the sulphate 
of copper held in solution, but by the aclaon and reaoti<m of the oxygen and 
hydrogen liberated from the decomposed water. 

There is great difference in the facility with which different compound 
substances yield up their elements to the controlling force of voltaic action. 
Todide of pota!5S may be decomposed by a single pair of plates feebly 
charged. Muriatic acid and diluted sulphuric acid may be decomposed 
with a single pair when the energy is increased by nitric acid, but a com- 
bination of three or more plates is generally required to produce deeom' 
pontion in other bodies. Hub difference in the £M!ili1j with which dif- 
ferent bodies may be decomposed by an electric cunent is attributed to 
the different intensities of their chenWcal affinities, those substances whose 
ftt^ms are held together by tlie strongest affinities offering greatest resist- 
ance to the decomposing force. 

The interesting and important &ct has been clearly established by 
Faraday, that electeo-chemi<»l foroe is definite in its action, and that the 
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cbemical power of a current is in direct proportion to the absolute quan- 
tity of electricity that passes. The expression of the theory by Faraday 
18, ''that tlie dumiical deoomporing action of a cunrent w eantdavU for a 
etmtlant quantUy of deetrieiiy, notwitbstanding the greatest varialaons in 
its sonrces, in its intensity, in the size of the electrodes used, in the nature 
of the conductors (or non^oonductora) through which it is passed, or in 
other circumstances "* 

The demonstration of this* tlieory by numerous experiments tends 
strongly to confirm the opinion* that electricity and chemical a£iiuity are 
the nine force differently modified ; for it is found that the amount of 
decomposing effects in all snbstancea agrees yery doBely with their chemi- 
cal equivalents. 

To those not acquainted with the nature of chemical combinations, it 
may be desirable to state that the elements of bodies always unite in defi- 
nite proj>ortious ; for instance, eight atoms of oxygen unite with one of 
hydrogen to form water, and one atom of oxygen combines with five of 
potassium to constitute potass ; and those elements wOl not combine in 
any other proportions. Many elementaiy substances unite differ^tly to 
form different substances, but those proportions are always multiples of 
the first, and for the constitution of imy given substance they will only 
combine in constant definite proportions. For exam})le, if oxygen and 
hydrogen gases are mingled together in the proportions of ten to one, and 
then exploded in a dose Tcssd, it will be found that chemical combination 
has taken effect only between tiiose quantities of the gases required to 
form water, and that the two portions of oxygen in excess remain in the 
TCSsel not affected by the ex})I<)8ion. 
i The law by which tlie combination of elements is re^julated in definite 

proportions to constitute any single substance, is found also to extend re- 
ciprocally to all substances whatever. The operation of this law Is clearly 
exemplified in the mutual action of adds and alkalies. Thus, six parts of 
potass neutralise five of sulphuric add, and four parts only of soda produce 
the same effect. These proportions of six to four prevail in tlie rdations 
of potass and soda to all the acids; and this being known, the quantity of 
either re(|uired to saturate any other acid can be ascertained without expe- 
riment. For instance, as the saturating power of soda for sulphuric acid 
exceeds that of potass in the inrenie proportion of four to nx, and it 
bdng known that 4*4 parts of potass saturate five of nitric add, it is eadly 
computed that as6 :4-4 ::4 :2-93; the number 2*93 represoiting the 
parts of soda equivalent to potass in saturating nitric acid. The equivalent 
jiroportions in which all bodies combine with one onotlier may thus be 
computed, after having determined expcrimentaliy the proportions of one 
or two combinations. 

The amounts of eledxie force required to separate the elements of 
bodies from their combinations correspond in a remarkable manner with 
the chemical equivalents of the same bodies. For instance, 8 parts by 
weight of oxvL'en, wliieli combine with 1 of hydrogen to form water, 
combine in the j»roportions of 32 with copper, 58 with tin, and of 103 
with lead j and the same amount of electric force that is required to sepa- 
rate 8 parts of oxygen from water, will, by secondary action, separate 
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copper, tin, anrl len^l from their solutiouR in the proportions of 32, 58, and 
103 ; correspoiKliiiLj witli their chemical equivalents, kxj closely have these 
numbers been found to agree in numerous experiments, that electricians 
do &ofc heatate to apply the more stridi naiiltB of direct ehemicil anRlysis 
to the correction of the resalts of eleetro-chanical deeompoeition.* In 
reference to this subject, Faraday observes, " I think I cannot decdve mj- 
self in considering the doctrine of definite electro-chemical action as of the 
utmost importance. It touches by its facts, more directly and closely 
than any former fact or set of facts liave done, upon the beautiful idea 
tlial ordiuai'y chemical athnity is a mere consequence of the electrical 
attraetiona of the parlicleB of different kinda of matter ; and it will pro- 
bably lead na to the means by which we may enlighten that which is at 
present so obscure, and either fully demonstrato the troth of the idea» or 
develop that which ought to replace it." 

The discovery of tlie law of the definite action of electro-clienucal force, 
and that the chemical power of an electric current is in direct proportion 
to the quantity of electricity that passes, has shewn the way to the deter- 
nunation of the absolnte quantities of electricities belonging to di£brent 
bodies in their natural states. This interesting subject of inquiry is opened 
by Faraday in the seventh series of his invalunbin /Experimental Reaea/rches 
In EJ^rfr^j^ity, "Considering," he observes, ' iliis close and twofold rela- 
tion, namely, that without decomposition tranbinirision of electricity does 
not occur, and that lor a given definite quantity of electricity passed, an 
equally definite and constant quantity of water or other matter is decom- 
posed ; consideiing also lhat tne agents which is electricity, is simply em- 
ployed in overooming electrical powers employed in the body subjected to 
its action ; it seems a probable and almost a natural consequence, that tho • 
quantity whicli pnsses is the equivalent of, and therefore equal to, that of 
the particles separated ; t. e. that if the electrical power which holds the 
elements of a grain of water in combination, or which makes a grain of 
oxygen and hydrogen in the right proportions unite into water when they 
are made to combine, could be thrown into the form of a current, it would . 
exactly equal the ennent zequixed for the separation of that grain of water 
into its elements again.** 

The enormous quantity of electric power contained in a single grain of 
water is exemplified by the following experiment. Two wires, one of 
platmnm and one of zinc, each one-eighteenth of an inch in diameter, 
placed fiTe-sixteenths of an inch apart> and immersed to the depth of Htc- 
eighths of an inch in acidulated water consisting of one drop of oil of 
vitriol and four ounces of distilled water, and connected at the other ex- 
tremity by a copper wire cij^hteen feet long and one-eighteenth of an inch 
in thickness, yields as mueli electricity in little more than three seconds of 
time as a Leydeu battery charged by thirty turns of a very powerful elec- 
trical machine in full action. This quantity, though sufficient if passed 
at once through the head of a cat to kill if^ is evolved by the action of so 
small a portion of the zinc and water, that the loss of weight sustained 
by either is innppreciablc by the most delicate instrument*^. 

By continuing the experiment until a gi'ain of water was decomposed, 
it was ascertained that one grain of water requires for its decompcwition a 
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continued ciUTent of electricity for tliree minutes and three quarters, which 
cun-ent must be powerftil enough to retain a platinum wire y^th of an 
inch in thickness red-hot in the air during the whole time. Making a 

* comparison by the loss of weight of zinc oxidised during the action, it 
ai^ears that 600,000 such charges of a Leyden battery as that referred to 
would be necessary to sup]>ly electricity sufficient to decompose a single 
gniiii of water. Thus, zinc and platinum wires one-eighteenth of an 
inch in diameter and about half an inch long, dipped into dilute sulphuric 
acid io weak that it is not sensibly sour to the tongue or scarcely to our 
most delicate test-papers, will erolye more electricity in one-twentieili of 
a minute than any man would willingly allow to pass through his body at 
once. The chemical action of a grain of water upon four grains of zinc 
can evolve electricity equal in quantity to that of a powerful thunder- 
storm."* 

In further proof of the high electric condition of the particles of mat- 
ter, and of tiie equality of proportions of that helonging to them with 
that neceasaiy for thehr separation, Faraday carefully collected the results 
of tiie action of an amalgamated zinc pl&te and a plate of platinum when 
immersed in dilnted sulphuric acid in the proportion of 1 of acid to 30 of 
wat^r. The quantity of oxygen and hydrogen gases evolved measured 
18-233 cubic inches ; equal in weigiit to 2*3535544 grains, which was 
therefore the weight of the water decomposed. The weight of the zinc 
plate was diminished 8*45 grains ; and 2*3535544 gnuns, the wdght of 
water decomposed, u to 8*45, the quantity of zinc oxidised, as D is to 
32*31. These numbers correspond with the equivalent numbers of water 
nnd ^inc ; -n hich shews that for an equivalent of zinc oxidised, an equiva- 
lent of water was decomposed. 

The decomposing power of electricity hm been employed as a mea- 
surer of the strength of a voltaic current The fact that the amount of 
decomposition is proportioned to the quantity of deetricity being taken 
for granted, it is only necessary to measure the quantify of gases evolved 
from water wifliin a given time, to determine fhe force of the electric . 
current. Instruments of this kind were contrived by 

• Faraday, and were frequently used by him in his experi- 
mental researches. Fig. 53 represents the form of the in- 
strument suitable for general experiments. A gi-aduated 
tube D, of even bore, is ground or cemented into one of the 
openings of a two-necked bottle, b. Two platinum wires, 
pp', are fnsfd into the glass and penetrate within the tube, 
where tlicy arc connected with two small jjhitiiiuni plates. 
If the bottle be two-thirds full of diluted sulphuric acid, 
the flmd will fill the tube when the bottle is inverted, and 
will not flow out when placed upright An electric cur- 
rent being then passed through the tube by connexion 
with the wires the gases evolved airainst the plates col- 
lect at the top. and tho quantities are measured by the dis- 
placement of the water. When the instrument is in use 
the stopper is taken out of the second opening, to allow 
the enclosed air to escape as the water descends firom the 
tube. 

. * Experimental Beaearahci. 
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CHAPTER XV. 

ELECIBO-MAGinBTISM. 

Bffect of Voltaic correnta on magnetic needles —Magaetism induced in tiie conducting 
wire— Diiedions of deflected magnetic needle hj opponte currents — ^Multiplicalieii 
of effiwt by coale of irire — Qalnmometera, their extreme senntiTencw— Hagnetie 

action of c'^pf>fr wires — Polar <!ire<"tion of a. wire coil — Elcctro-mngnets — Their 
great power und limited sphtTe- uf attraction — Ratio of diminution of attractive 
finrce — Proportionate sizes of wire and iron — Economical effect of long coila — Great 
lapidity of electro^magnelie action— >Bendttal power in electxoHBu^piets— Medical 
ceil machinei— Rotary motion of eondueUag virea. 

A CURRENT of electricity transmitted by wires from one end of a voltaic 
battery to the other meets witli great reBistaucei even when pai3<iing 
through the metals that are the best oondnctoi^. The amoont of this 
Tesistanoe, it has been already stated, is proportioned to the aqnaie of the 

diameter ; and it increases rapidly, in some ratio not exactly ascertained, 

with the length of the conductin!:^' wire. The action and reaction 'that 
are thus continually in operation during the passing of a voltaic current 
produce remarkable magnetic etiects, which extend to a coubiderable dis- 
tance beyond the surfaces of the conductors. 

The influence of frictional electricity in magnetising and demagnet' 
imag steel needles was known to Franklin and other of the early elec- 
tricians ; but it was reserved for Professor (Ersted of Copenhagen to 
discover, in 1819, the much greater magnetising influence of a f^nrront of 
voltaic electricity ; and that tliat influence i?? exerted, not by tiau.smitting 
the current directly through tiie bar to be muguetised, but by a Becondary 
action in the conducting wire. 

If a thick copper wire ess, connected wiA the opposite poles of a 
Toltaic battery, be placed over a magnetic needle n s balanced on its 
centre like the needle of a compass, and in the line of the magnetic me- , 
ridian, the needle will be det^fn ted the instant that the current passes 
through the wire ; and it will remain deflected from its natural position in 
a greater or less degree according to the strength of the ciurent. If the 
current from the copper, or positive, pole of the battery pass from the 
north to the south pole of the magnetic needle, the deHection will be 
towards the east; but if the current pass in the opposite direction, the 
deflection of the needle will be towards the west. If the wir(^ be then placed 

below the needle, the action will 

— be reversed : the north pole of 

the needle, whidi was deflected 
to the west when the wure was 
aboye it^ will be deflected to the 
east. A similar rcversid of the 
deflections of the needle occurs 
when the direction ot the electric 
current is changed by reversing the positions of the connecting wires. 
The eonducting mn seems to be endued with polarity at rl^ht angles 
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to its axis, as if an infinite number of small magnets were ranged side 

by ride transveraely to the direetion of the current. The transmission of 

the electric current, indeed, appears to convert the conducting wire into a 
compound cylindrical magnet, eypry point of the surface of the cylinder 
being a magnetic pole with its opposite pole in the centre of the wire. 

It is not essential that the conductor should be metal. Charcoal, and 
even adds, will, when conducting a current of electricity, become tem-' 
poniry magnet^ and deflect the magnetic needle when it is placed psiallel 
to the flow of electricity. The same power is exerted by the battery 
itself; for if a long magT^etie needle be suspended from its centre over the 
cells of a voltaic arrangi in( iit, it will be deflected in the same maimer as a 
needle balanced over a conducting wire. 

As the needle is deflected in opposite directions when the wire is 
placed above and when it is below, it appears, on the first view, as if tike 
magnetic influence were changed by the al- 
teration of position ; but the change is in 
reality only apparent. Let cz, c'z' represent 
tlie conducting wire, with the current [)assing 
in the direction of the arrows from c to z. The 
magnetic needle n s is balanced on a pivot 
fixed to the Vire, so that it may be turned 
round with it ; said being held in a vertical 
position, and a trifle heavier at one end, it 
will not be affected by terrestrial magnetism. 
The wire on the left in the figure shews the 
north pole of the needle deflected towards the 
right hand. Turn the wire gradually round 
until it is brought into the other position, 
and then the north pole of the needle s corns 
to be deflected in the contrarv direction, 
though in relation to the wire it has re- 
mained unchanged ; the apparent difierence 
being caused entirely by its being seen from the opporite side. 

Bend the conducting wire zc into' the form of a redttngle, and place a 
balanced magnetic needle in the centre of it, as in fig. 56 ; the end c of 
the wire being connected with the positive pole of the battery, and the 
end z with the negative, or zinc end. Tlie effect of this arrangement on 
tlie needle will be, in the finit place, to deflect N towards the east by the 
iuiiuence of the current from c pass- 
ing over the needle from north to 
south. The same current^ if it were 
to return over the needle from s to n, 
would neutralise its first influence 
by the change of direction, and would 
bring the needle back to its original 
position. But by passing under it, 
the direction of the current in rtf or- 
ence to the needle is reversed, and 
the influence is exerted to increase 
the first deflection towards the east, and the force of the current is thus 
doubled. By bending the wire a^^dn in the same manner an additional 
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effect is produced ; and by nuiuerous reduplications of thm kind the in- 
fluence of the currcut may be so multiplied, that the needle will be de- 
flected by a Quantity of electricity far too minute to liave any sensible 
eflfoct if passed oyer it throudi a cnngle wire. 

It will, perhaps, render %m double action of the yolptXc cunent on the 

c 



/- — 




9 



fig. 57. 

needle more clear if the same arrangonent be placed vertically, as in 
lig. 57. The electric current from the poeitiye pole of the batteiy paadng 
from the north to the south pole of the needle, deflects it towards the 
right hand of a spectator placed in the ]>ositioii of e, and towards the left 
hand of a s])ectator at e'. The mmc cuiTent on its return towards z passes 
from the south to the north pole of the needle*^ but as it passes on the 
opposite aide, the return current tends further to deflect the needle in the 
same directioa, and it continuee to point to the right hand of the fpeo* 
tator at e, and to the left hand of the spectator at e, instead of changing 
position.^ as it appears to do in fig. dd, when {teen on opposite sides during 
the passing of a single current. 

The instruments called galvanometers, employed for indicating the 
presence of a feeble electric current, are constructed on the foregoing prin- 
ciple j and as each coil of wire that surrounds the needle seems to increase 
the effect, it might be supposed that the sensitivaiess of such an instru- 
ment coidd be indefinitely extended. But there are limits to the length 
of the wire-ooil. beyond which the sensitiveness of the needle is dimiTii^lu d 
instead of being increased. For instance, the influence of the conducting 
wire diminishes with its distance from the needle, and that distance 
becomes gi-eater and greater with each additional superposed coiL With 
a yiew to increase the number of spirals as much as possible without 
lessening the effect by increased distance, veiy fine wire is used ; which 
■being carefully covered with silk or cotton, to prevent lateral conduction, 
may be wound on a rcctantC'lar bobbin close together, having a space in 
the middle for the introduciion of the magnetic needle. Tu the galva- 
nometers employed for the electric telegraph it is customary to wind 
round the needle about 150 yards of coyered wire as fine as a hair. But 
when such a length of veiy fine wire is used, the great resistance it offers 
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to the passage of the eleetrie eunent operates xnatemDj agaiiut tbe een- 
ativeness of the instrument, and currents of feeble intensity meet with 
80 muehobstanietion that the quantity which passes is scarcely appreciable; 

the otherwise augmenting effect of the reduplication of the wire h&ng 
more than counterbalanced by the increased resistance. 

Asa magnetic needle when suspended horizontally is attracted towards 
the north and south by the magnetism of the earth, it is necessary, when 
a single needle galvanometer h used, to place the eoil in the magnetic 
meridian parallel to the needle ; but tiie sensibility of the instrument is 
diminished by the directive influence C^the earth* which tends to prevent 
the deflection. This defect may, however, be remedied, by attaching to 
the vertical su])port of the needle within the coil a second magnetised 
needle above the coil, with its poles in a reversed position ; so that the di- 
Teotive tendency of the one being overcome by that of the other, the 
needle remains in a neutral state in whatever position it may be plaoed. 
This contrivance, which was first applied by Pi ofessor Conuning of Cam- 
bridge, and afterwards improved upon by ( ']lc^ ;ilier Nobili, has given such 
increased sensitiveness to the galvanometer that it indicates the presence 
of the most minute trace of a voltaic current. 

Fig. 58 represents one of the approved forms of this kind of galvano- 
meter, which has obtained the name of astatic multiplier." A bent brass 
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standai-d d screwed into the mahogany base m x serves as a suppoii> 

whence the Tn?i<^Tir tiFod needles are suspended by a filament of imspun 

silk or by a imman haii-. Tlie coil A A is formed of copper wire one-sixtieth 
of an inch in diameter and two hundred feet long, carefully covered with 
silk.* The coil is made by binding the wire round a thin wooden frame^ 
tiie top and bottom of whidi are abont two inches square and half an inch 
apart. The ends of the wire pass through the base, and are soldered to 
the binding screws b b. The needles are formed of pieces of thin watch- 
spring, flattoned and strongly magnetised, or fine light sewing needles will 
answer the purpose. They are fixed on to a piece of straw with their 

* Messrs. Watkias and Hill had a very delicate galvanometer at the Great Bxhibi* 
4i<Wt the coU of which contained 280 yards of wire fiv^ of an inch in diameter. 
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poles in opposite directions, the straw being attached vertically to the sus- 
pending hair. One of the needles is within the coil, tlie other about a 
quarter of an inch above it. A circular piece of card divided into 360° is 
fixed on the top of the coil, the upper needle serving as the index to mark 
the degrees of deflection. There are screws, not marked in the diagram, 
for adjusting the card and the needles to their proper po8itipn% and the 
instrument is covered with a glaaa shade B B to protect the needle from 
the influence of currents of air. 

When it is required to examine the development of electricity, con- 
nexions are made with the binding screws B b, so tliat the current may 
pass tlwough the coil and deflect the needle. The intensity of the current 
is generally as the sine of the angle of deviation. This instrument is so 
extremely sensitive in its indications of an electric current^ that if a drop 
of water be placed on the top of one of the brass binding screwi» and it is 
touched with a zinc wire connected with the other binding screw, the 
needle will be deflected. The galvanometer is specially valuable in expe- 
riments with feeble currents of voltaic electricity, which are altogether in- 
i^preciable either by the gold-leaf electrometer or the voltameter. 

In the preceding illustrations of the magnetic properties of a wire con- 
ducting an electric current, the peculiarity of the phenomenon is, in some 
d^(ree, masked by the intervention of the magnetic needle. Other expe- 
riments shew more directly that the copper wire through which the cur- 
rent passes is for tiie time converted into a magnet. 

Twist three feet of covered copper wire, about the thickness of bell -wire, 
round a pendl, so as to form, when the pendl is withdrawn, a hollow 
compact coil of wire, in form like a common bell-spring. Su[)pi}rt the 
ooil horizontally on a pivot, so that it may turn round freely, and let tlie 
wires at the ends dip into concentric cells of mercury, as represented in 

fig. 59, each cell being connected with one of 
the poles of a voltaic battery. The instant that 
the current is sent through the coil it will begin 
to oscillate^ and after a short time will place 
itself in the magnetic meridian. If a magnet 
be brought near to either end of the coil, it 
will be attracted by one of the poles and be 
repelled by tlie other, exactly in the same 
manner as a steel magnet similarly poised. On 
reTendng the connecting wires, so as to send 
the cunent through the coil in the contrary 
directioii, the magnetic poles will be changed, 
as will be indicated by the turning round of the coil, the end that before 
pointed to the north being then directed towards the south. 

The direction in which the wire of the coil is twisted also influences the 
position of the poles. When twisted from right to left, the current from 
the copper end of the battery will impart different polarity to that which a 
coil twisted from left to lij^t possesses. That end of the coil at which the 
positive current is transmitted from left to right always points towards 
the north. 

If the coil be doubled on itself by continuing to twist the wire in the 
game direction over the first single spiral, the magnetic properties will be 
considerably increased ; and they wiueontinne to be uiereased by adding 
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to tiie tliicknesfl of the coil, until the resistance offered to the current by 
the increased length of wire oonnteracts Uke multiplying tendency of the 
redoubled wires. The magnetic power of such a coil becomes wonderfully 
augmented by introducing a bar of soft iron within it. The iron becomes 
in that case powerfully magnetic the instant that contact is made with the 
voltaic batteiy, and the maguetism ceases almost as iiistantaueously when 
the electric circuit is broken. 

The eIeetro>magnet thus formed by surrounding a bar of soft iron with 
covered copper wire owes its magnetic property entirely to the electrie cur- 
rent that circulates round it. The iron seems to act as a conductor and 
concentrator of the force, and appears to bear the same relation to the coil 
that the metallic coating does to the glass of a Leyden jar. It may be 
presumed that the same amount of magnetism is excited when the iron 
bar is withdrawn from die coil as when it is inserted ; but without it the 
power is diffused through the wire^ and is not concentrated so completely 
at the poles. Iron possesses almost ezdusively the peculiar property of 
thus conducting and concentrating tlic magnetic force. Even a steel bar 
produces scarcely any effect when introduced within the coil, unless the 
voltaic current proceeds from a combination of several pairs of plates ; and 
when magnetism is thus imparted to steely it does not disappear when the 
voltaic circuit is broken, but the steel bar becomes a permanent magnet. 
Wliy iron of all the metals should be thus peculiarly affected,* and why the 
slight modification it. undergoes in being converted into steel should pro- 
duce such a chans^e in its powers of receiving and retaining magnetismi 
are at present among the unsolved mysteries of science. 

A bar of solt iron bent into the 
shape of a horse-shoe, and then co- 
vered with coils of copper wire 
twisted upon it in the same direc- 
tion, constitutes an electro-magnet 
of the most powerful kind. A 
straight and flat piece of soft iron 
N s, sufficiently long to re^ch across 
the two ends of the bent bar, is at- 
tracted towards it with more than 
double the force that a single bar 

magnet exerts. 

That tlic force should be doubled 
might have been expected, because 
there are two poles acting on the 
piece of iron instead of only one. The 
additional attraction is occasioned 
by the induction of magnetism in 
the connecting piece, which is called 
the keeper or armature of the mag- 
net That part of the keeper in connexion with the north pole of the 
electro- magnet has southern polarity induced in it, and the opposite end 
becomes a north pole. Thus the ke^er, during the time of contact^ 

• Of the other metnis, nickel possesses magnetic properties in the highest degKAt 
but the power it to feeble as not to deaerte notice in thU general survey. 
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becomes a seconcl magnet, and the attractive power exerted between the 
two is increased almost in the same proportion as if the keeper were a 
permMMnt steel magnet 

An electro-magnet of the hone-ehoe eliape, half an Inch in diameter 

and five inches long, with three or four spirals of ooTCred wire of the 

thickness of bell-wire twisted round each limb in the same direction, and 
excited hj only a single pair of plates four inches square, will lift seTCial 
pounds. 

The magnetic power to be obtained by a current of electricity very 
far exceeds what can be permanently imparted to steeL jbi electro-mag- 
net constructed by Mr. Joule was shewn in the Great Exhibition, 
Cl^ble of lifting a ton weight ; and elcctro-magnets of kiger size have. 

been made that lifted several tons. The most powerful permanent mag- 
net in the Great Exhibition weighed 101 pounds, and lifted 436 pounds. 

Though the attractive power of an electro-magnet is so enormous when- 
the surfaces of the keeper and of the magnet are in close contact, the 
sphere of its influence is extremely limited. The thiekneBS of a sheet of 
paper introduced between them will diminish the power more than one 
half, and at the distance of half an indi apart scarcely any attraction will 
be perceptible. The influence of a permanent steel magnet extends con- 
siderably farther than that of an electro-magnet. The ratio in which the 
power decreases by distance has not, we believe, been determined ; but 
there is good reason to suppose that magnetism of both kinds obeys the 
asme law as aU central radiating forces, and that the diminution is pro- 
portioned to the square of the distance. 

It may, indeed, appear at first sight irreconcilable with the observed 
difference in the extent of the influence of permanent and electro magnets, 
that the ratios of decrease should be alike in each ; but the seeming dis- 
crepancy vanishes if we suppose the centre of attractive power to be more 
deeply seated in the steel, which becomes pennanently magnetic by some 
retentiye power in its particles combined together as a whole, than in the 
soft iron, which acts only as a condnetor of the magnetic force induced in 
ihe copper wire by the electric current. 

Figure 61 represents one of the poles of a permanent bar magnet. 
Assuming the focus of attraction to be situated at c, a point equally dis- 
tant from the sides of the bar and from the upper surfiEice, then ihe lines 
B c, D c, drawn to that centre, will shew by ihtar radia* 
B D ijon the ratio of deerease of the magnetic power by dis- 

tance in the same manner as, if c were the centre of an 
emanating force, they would indicate its proportionate 
diminution of energy. For example : let c be one quarter 
of an inch from the upper surface of the steel bar, and 
assume the attractive force at the surface to be equal to 
lift one pound. Then, if the force diminish aooording to 
the square of the distance, at a quarter of an inch from 
the surface, that is at twice the distance from the centre 
of force, the magnet would lift a quarter of a pound ; at 
the distance of half an inch it would lift the ninth part of 
a pound ; and at the distance of three quarters of an inch, 
th«t is at four times the distance from the centre of 
*i* attraction, it woidd lift one-sixteenth part of a pound. 
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Lei OB next ooniuler tlie effect of the dimimitioii of 
force in an dectro-msgnet witii a aimilar ratio of decrease. 
The centres of attraction are aaramed to be on the surface, 
or, for the sake of calculation, one-hundredth part of an 
inch beneath !t ; the weight that the magnet will lift 
being one pound, as in the former case. Then, assuming 
the XBtio of deecease to be the same, at three times the 
distance fimn the surfiMse that the smfiice itself is fimn any 
of the centres of attraction, the pover will he rednoed as be- 
fore to one ounce ; but the measured distance will now he 
less than the thirty-third part of an inch, instead of three 
quarters of an inch, for the point whence the ratio of 
decrease commences is nearly on the surface of the magnet. 
At the distance of three quarters an inch tiie power 
would he reduced to less than tiie fiye-thosnandth part of 
a pound. 

The intensity of electro-magnets, or the spheres of their attractions, 
increases with the intensity of the voltaic current, and with the number 
of the coils of wire that surround them. Thus a bar of soft iron a quar- 
ter of an inch in diameter, covered with numerous coils of fine wire, and 
excited hj a battery of twelye pairs of plates, will have a greater attrac- 
tive distance than a bar half an inch diameter, wil^h a fewer number 
of coils of thick wire^ and exdted by a single i)air of large plates, though 
the latter magnet may sustain a heavier weight when the sur&cea are in 
contact. 

In making an electro-magnet, regard should be had to the relative 
thicknesses of the soft iron and the wire that is to form the eolL Small 
bell-wirei, number 16 gauge, is suitable for bar-iron half an inch in dia- 
meter. A rod of about five inches should be bent into the form of a 
horse-shoe, having each limb of equal length, and the two ends filed per- 
fectly flat and even. A length of 
100 feet of wire, carefully covered 
with cotton, coiled round both limbs 
in the same direction, either from 
right to left or Idt to right, will 
make a magnet which, when excited 
by a current from two pairs of plates 
six inches square, will lift upwards 
of teu pounds. Mr. Shepherd, the 
inventor of the gigantic electro- 
magnetic dock of the Ghreat Exhi- 
bitioui who has had great experience 
in the construction of elec&^mag- 
nets, adopts a very convenient plan 
for facilitating the winding of the 
coils. The wire is not twisted im- 
mediately upon the iron, but on se- 
parate short lengths of brass tube of 
sufficient diameter to admit the iron, flls . St. 

which is inserted after the coils hare 

separately made. By this means the eoils of wire may he readily 
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fig. 64. 



wound to my length tliat is deeired. The diagram represents the ooik 

and iron detached from each other. 

A shorter length of thick wire will produce as strong an attractive 
force as a long coll of thin wire, because though the multiplying effect by 
the redupliciition of the coils is less, It allows a much larger quantity of 
electricity to pass. The use of the thick wire is, however, attended with 
a greater loss of -battery power. It is an object, in an eoonomieal point 
of Tiewy to extend the length of the eoil as far as practicable without di- 
minution of magnetic force, for by that mcims an equal amount of power 
is gained with a feebler current ; the reduiilicntion of the wire compensat- 
ing by its repeated ettbrts for the diminished quantity of electricity which 
will pass ill a given time through the greater length of wire. 

To illustrate the advantage 
gained by numerous coils of 
wire, let a voltaie ennent pass 
through two electro-magnets A, B, 
joined together in the same cir- 
cuit : A beinjx hirfje and covered 
with a few coils of thick wire, 
ftnd B a smaller magnet witii 
numerous coils of fine wire. The 
magnetism of A will be extremely 
feeble at the same time that B is 
energetically attractive; though 
when connected separately with a voltaic battery of a single pair of 
plates, A may be the stronger magnet of the two. 
• The greater consumption of sine in the battery in imparting magnetism 
by ahtat coils of thick wire is indicated by the rapid evolution of gas in 
the cells when the circuit is short, compared with the action when it is 
transmitted through a long circuit, though the latter is capable of pro- 
ducing an equal etiect by a multiplication of the coils. 

The electro-magnets used for telegraphic purposes, in which great sen- 
sitiveness is required, with a current very smsU in mianiatj but of oon- 
siderable intensity, are made of iron about three^ghths of an indi in dia- 
meter, coiled round with nearly two hundred yards of extremely fine wire 
covered with silk. The keepers of these electro-magnets are attached to a 
slender spring to force them back when the circuit is broken, and they are 
adjusted to a distance of not more than the tenth of an inch from the 
magnet. These electro-magnets work briskly through a circuit of up- 
wanls of 400 miles, with a battery consisting of 100 pairs of plates. 

The x^»idity with which magnetum is imparted to soft iron on mak- 
ing contact with a voltaic battery appears to be simultaneous with the 
transmission of the electric current. An apparatus represented in the 
annexed diagram is admirably calculated to shew the extreme rapidity of 
electro-magnetic action. A short bar electro-magnet a is mounted on a 
wooden stand a A piece of brass is fixed to the top, which serves for 
the attachment of a small keeper K to the magnet, and for the support of 
a bent brass arm c, used for tiie purpose of applying an adjusting screw 8. 
The keeper is attached to a slender spring, which forces it from the mag- 
net against the screw when the voltaic current is not passing. One of 
'le poles of the battery v is connected directly with the lower end of the 
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ooil-wire by the binding screw 
Ef and the other wire K is con- 
nected with the screw B, agunst 
"which the keeper presses. The 
arm c is insulated from the 
brass t-o which the keeper is 
fixed by being screwed into a 
piece of box- wood, and the other 
end of the coil of wire is con- 
nected by the binding screw E 
with the keeper. By this ar- 
rangement the electric circuit is 
completed through the coil, by 
passing throngh the bent arm 
and through the keeper. The points of contact should have small pieces 
of platinum soldered to them to preTcni ooROflion of the metal| which 
would otherwise soon st^p the action. 

The instant that the keej)er is attracted towiirds the magnet, its con- 
tact with the screw is broken, and the voltaic current is interrupted. The 
magnet then oeaaea to act, the keeper is forced against the screw by the 
spring, and the contact beiiiig again renewed, the electro-magnet is brought 
into action as befrae, but to be again instantaneously demagnetised by 
attracting the keeper. It will be observed, therefore, that the circuit is 
broken every time that the keei)er is attracted by the magnet, and re- 
newed when forced back against the screw ; and tliat each movement of 
the keeper indicates that the iron has been magnetised and demagnetised. 
When the Toltuo battery is jnit in action, the keeper of the electro-magnet 
h attracted and forced back again with a rafHdity altogethw incalcolable 
by the eye ; the vibxations being so rapid as to produce a humming sound, 
■which is more grave or acute according to the rapidity. By turning the 
sorow s, so as to bring the keeper more close to the electro-magnet, the 
rapidity of the vibrations increase with the increased attraction of the 
magnet ; and by the musical note thus eooadoned, the Tibvatioas of the 
keq)er have hein, estimated to exceed tw» hundred in a second. 

Though magnetism can be imparted with this amasing rapidity, the 
amount of magnetic power is in such cases by no means equal to that 
which the electro-magnet exerts when the contact is of lon^jer duration. 
Only a given quantity of electricity can be excited by the battery in a 
given time ; and assuming that it requires chemical action to be con- 
tinued one-tenth of a se^iid to obtain the full power of the battery, 
when the contact is made and broken more frequently than the tentii part 
of a second the quantity of electiicity that passes is very considerably 
less, though the diminution is not proportionate to the shortness (»f the 
contact. It appears, indeed, from the result of numerous experiment^^ on 
this subject made by the author, that the full ettect of an electro iimgnet, 
with a coil of thirty yards of thick wire, cannot be obtained more fre- 
qucntiy than four times in a second. 

¥^n the keeper of a horse-shoe electro-magnet is in contact with the 
two poles^ some magnetic power is retained after the contact is bn^en ; 
and to prevent the continuance of the induced magnetism it is requisite 
to interpose a piece of card or thin leather, so that the keeper and the 
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magnet may not touch oacli other. Besides this retention of magnetism 
by the keeper, the electro-magnet itself retains its power for a short time, 
if the bar of soft iron be above three or four inches long ; therefore, to 
ensure rapid action when the contact is made and broken rapidly, it is 
denrable that the iron round which the wiro is coiled ahonld be as ahoft 
as possible. 

The self-acting mode of breaking contact, represented in iig. 65, has 
been applied with great advantage in constructing apparatus for giving 
shocks by secondary currents of electricity for medical purposes. A great 
length of very fine covered wire is twisted round the primary coil of thick 
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wire through which the ▼oltaic curront passes ; and each time that contact 

is broken, a secondary current is induced through the fine wire. Brass 
handles are soldered to the ends of the second wire to increase the sur- 
fiEkce contact when grasped by the hands, or conducting plates are used 
when the eleetridty is transmitted through other parts ox the body. The 
making and breaking contact by the self-acting vibrations of the kce^r 
produce a rapid succession of shoeks, the strezigth and rapidity of which 
may be reflated by the adjusting screw. 

Reverting to the deflective action of a conducting wire on a magnetic 
needle, it will be observed that the action is a tangential one ; that is, the 
dii'ection of the force is at right angles to the radius of the wire. One 
pole of the needle is d^eefcad to the right hand, the other pole to the left 
hand ; and whatever side of the wiro the needle is placed, the same eflbets 
take place. Thus, if the conducting wire were surrounded by a number 
of magnetic needles ranged parallel to it, they would be all deflected in 
the same manner, evidently she^nng that the deflecting force acts tan- 
gentially at every point of the circumference of the Avire. The effect of a 
tangential force acting on all parts of the circumference is to communi- 
cate rotary motion to bodies free to more, in the manner that a wheel is 
turned round by impelling it at the aieomferenoe in diroctions at right 
angles to its radUns. As there cannot be action without reaction, and as 
hoy nrc always equal and in opposite directions, the tendency of the force 
exerted by the conducting wire is to cause its rotation about its own axis, 
and to communicate motion in the opposite direction to the magnets with- 
in its influence. 

Faniday, who was the first to take this view of the diaiBoter and 
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tendency of the dectio-magiietic force, sacceeded in Olafltrating it moft 
satifl&ctorily by ezperimenC To do this, it was neoessaiy to remore the 

counteraction of one of the poles of the magnet on the other ; for as the 
south pole of a magnet is deflected in the opposite direction to that of 
the north pole, the contrary forces, when allowed to operate, completely 
neutralise each other. The simplest arrangement for producing the ro- 
tation of a magnet is that aliewn in fig. 67. Into the bottom of a wooden 
cup A, made to contain mercurjry is inserted a wire dt 
to which a bar magnet is attaehed bj a thread. When 
the cup is filled with mercniy, the steel magnet being 
the lighter rises to the top, and is retained in an up- 
right position by the thread. A thick wire c, connected 
with the positive pole of a voltaic arrangement, dips into 
the mercnry, but is insuhited from it by being covered 
with cotton and Tarnished, excepting at the end. When 
a voltaic current is transmitted through the conducting 
wire, it influences the north pole of tlie magnet; but after 
communicating with the mercury it is so diffused that 
the south pole is not aflected. By this means the tan- 
gential force with which the induced magnetism in the 
conducting wire acts on the north pole is not counter- 
acted, and the magnet being free to move in a circular 
direction, begins to rotate round the conducting wire. 

Fig. GS shew^s another form of apparatus for illus- 
trating this remarkable phenomenon. Two long but 
light magnets N S, n' s', are fixed into a circular piece of 
wood D, which rests on a pivot b, so as to turn round easily. The con- 
dncting wire c, from the copper end of the battery, dips into a cup of 
mercnry in the wood, and by means of mercurial connexions the electric 
current is conducted through the wire z to the negative end without 
passing near the southern poles of the mn<]fnets. The connexion with the 
battery being coniplLted, the magnets rotate freely round the conducting 
wire in the direction from left to right, like the hands of a watch. On 
reversing the battery connexions, so tiwt the positive current may enter 
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at z anrl return up the wire to c, the direction of the rotation is chanf^cd. 
A similar change in the direction of the motion also occurs when the 
positiou uf the poles of tlie magnets is reversed. 

The rotation of a bar magnet on its own axis may be effected by an 
amngement siimlar in principle to the foregoing. The contriyance 
originally proposed by M. Ampere is the simplest. The magnet n (fig. 69) 
is allowed to float in mercnr} , heing kept in a Tertioal ^ition by a 
weight of platinum ; and the action of the electric current is confined to 
one pole of the magnet by insulating the conducting wire e, with the excep- 
tion of its endj and introducing it vertically into the mercury to the depth 
of half the magnet. The counteraction that would otherwise occur from tiie 
other pole is thus prevented, and the magnet rotates slowly on ite axis. 



CHAPTER XVI. 

HAGNXZO, THBBKO, AX1> AKIMAI» BLBCIBICITT. 

Xndnetioii of ideetricity by magnetMm— ^Multiplication of ^flteto by inotioiH->Magneto* 
dectne machines : their powsiM effieets-^Magnfito-eleetric Bpark'—DoeoaipoMtion 

by magneto-electricity — Correlation of magnetic and electric forces — Development 
of rlectricity by heat — List of rhcrmo-electric"— ^Thf-rmo-electric batteries — Indicar 
Uonji of temperature by thermo-electricity— Animal electricity — Electrical organs of 
the toipedo— Identity of animal and voltaic electricity— Electrical power of the 
lOmnoCiu— Connexion between nervous influence and electricity. 

It might have been inferred a priori, from the induction of magnetism by 
electricity, that electricity could be induced by magnetism. The verification 
of this ii^erence ia one among the many facts for winidti electric science ia 
indebted to Dr. Faraday. 

The simplest mode of inducing electricity by magnetic action is by an 
arrangement of permanent magnets and an electro-magnet shewn in the 
diagram. 

Two long permanent bar-magnets n s, n s are place<l iu the manner 
represented, with their opposite poles joined at one end and spread out at 
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the other ; each of the separated poles being in contact with a bar electro- 
magnet round which there is coiled about 200 feet of oovered wire, the 
60Si port of an indi in diameter. The ends of the coil of wire are con- 
nected with a galvanometer o, placed at such a distance from the niagnets 
as to be beyond their direct influence on the magnetic needle. Whilst the 
magnets continue thus connected, the galvanometer will not indicate any 
trace of electricity; but at the instant that coTitnot is broken, a cnrrent of 
electricity is induced in the coil of wire, and the guivauometer is strongly 
deflected. The effect i% however, only iDitantaneooa, and the needle^ after 
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a few vibrations, returns to its normal position. On making contact again, 

the galvanometer is again deflected ; but the deflection is in the contrary 
direction to that on. bveaking contact, the electricity being equally tem- 

porarv, and being in other respects like that of the secondary currents 
induced on making and breaking contact with a voltaic battery. The 
more suddenly contact is made aud broken by jerking away either of the 
magnets, the more powerfully is the galvanometer deflected. 

The current of deetridty induced by the arrangement shewn in fig. 70 
is very small in quantity, even when the most powerful magnets are em- 
ployed ; but the further researches of Faraday led to the discovery of new 
modes of action, by whieli the current maybe prodij^iously increased, and 
all the effects of a powerful voltaic battery, either of high intensity or of 
great quantity, Aay be produced by permanent magnets without any 
battery whatever. 

Faraday was stimnkted to his investigations on this subject by the 
remarkable phenomenon observed by M. Arago, of the induction of mag- 
netism by motion in substances not otherwise magnetic. The French phi- 
losopher discovered that if a oo])per disc be revolved close to a magnetic 
needle, it is deflected, and tlmt when a magnet is so suspended that it may 
rotate in a plane parallel to that of the disc, the magnet tends to follow 
the motion of the disc ; or if the magnet be revolved, the plate tends to 
follow its motion, and the efiect is so powerful that magnets or discs of 
many pounds weight may be thus carried round. This effect, M, Arago 
stated, not only tnkes place* \>'ith the metals, but with all substances, solid 
or liquid, and eveu with gases. It must be obsei'ved, however, that in 
repeating these experiments, neither 2klr. Bubbage, 6ir John Herschel, nor 
Dr. Fanulay was able to produee the eflfeet witii any substances that were 
not very good eonduetors of electridty. 

The experiments conducted by Faraday with the view of elucidating 
these phenomena, led hlni to the conclusion that whenever a metallic body 
is put in motion close to a magnet, a current of electricity is induced, 
which ceases the instant tluit the motion ceases. As the movement of any 
metallic body, such as a disc of copper, in close proximity to the poles of 
a permanent magnet was found to induce a temporary electric cuirent in 
the metal, Fara(ky inferred that the efiect would be increased if, instead 
of a copper disc, a coil of covered copper wire round a bar of Hoft iron were 
used. This was tried with most satisfactory results j aud other eloc- 
tricians have apjdied the principle to the coustniction of magneto -electric 
macbiues, that excite torrents of electricity by the rapid rotation, close to 
the polM of a powerful permanent magnet, of a piece of soft iron tor- 
rounded by coili of covered copper wire. 

Fig. 71 represents a magneto-eleefaric machine. A powerful compound 
permanent horse-shoe magnet a (composed of several tln'n i lates of steel 
separately magnetised and bound together,) is tixed iu a horizontal posi- 
tion. The soft iron covered with copper wire c by the rotation of which 
the electricity is induced, resembles a iiorse-shoe electro-magnet ; but m- 
stead of being a bent bar of soft uron, it is made of two short straight bars 
connected together by a cross-piece of soft iron. This form is adojjted 
because it facilitates the winding of the numerous coils of wire, and is 
more convenient for the mechanical arrangements, ^\^1en intensity effects 
are required to be produced, the iron of the rotating electro-magnet^ called 
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the armature, is of small diameter, and about fifteen hundred yards of very 
fine insulated wire are coiled round Loth ]inil)s. When quantity effects are 
masbodf the armature is made of iron of greater diameter, and the coil 
coniisto of oncKtenth the length of wire about the thickness of bdl-wire. 
The armature is fixed on to a spindle attached to a small groored wheel 
that is worked by a band over a larger wheel, by which means very rapid 
motion may be given to the armature. Wires, through which the induced 
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electricity is conduct ed, are connected with each end of the coil of wire 
round the armature ; and as the latter revolves as closely as possible to, 
without actually touching, the poles of the magnet, alternate currents of 
negative and positive eleCbdatj are transmitted. Arrangements are made, 
ei£er by projecting points dipping into mereuryi or by springs pressing 
on interrupted collars of metal, for tweaking the circuit of the wire coil 
the instant that the two ends of the armature come opposite the poles of 
the magfnet ; by Avhich means the rotating electro-magnet becomes mag- 
netised and demagnetised twice in every revolution, and at each break in 
the circuit a current of induced electricity is transmitted through the coil. 

When the annature with the long coil of fine wire is used, a snooession 
of veiy severe shocks passes through the body on communication being 
made between the wires by grasping two conducting metal cylinders. 
The decomposition of water, and of all compound bodies that are decom- 
posable by voltaic electricity, may also be effected, and a rapid current 
of most brilliant sparks is emitted at the points ^vlien contact is brf)ken. 
With the armature of thicker and shorter wire, the metals may be ignited, 
and all sudi effects can be produced as may be obtained firom a voUaie 
combination of a few large-sized plates. The sparks, on breaking contact^ 
are also brighter, but no shock is given by the quantity armature. 

In these experiments^, the parts of the copper with which contact is 
made and broken should be anuil<:^auiated with nitrate of mercurj', or by 
applying a drop of nitric acid, and then rubbing over it a particle of mer- 
cury. Good contact is essential to the success of all experiments in elec- 
tro-magnetism, sad to ensure it, it is customary to employ mercuiy, and 
to amalgamate the connecting points that dip into it. The liquid metal 
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iBf however, apt to be tbrown abouti aad it k attended with other ineon- 
Tenienoes. When solid points of contact are employed they should con- 
sitt of platinum. With the other metals, the ignition of smaQ particles by 

the secondary' current on making and breaking contact forms an oxide of 
tlic metal on the points, which, after a short time, interrupts the electric 
circuit ; but platinum, being the most iucoiTodible of the metals, is not 
liable to have its surfaces oxidised. 

The quantity of eleetricity induced by magnetism is proportionate to 
the power of the magneto employed. In a very large and powerful mag- 
neto-electrical machine conatruoted by Mr. Clarke, the mcignd hattery 
consists of 106 cast-steel bars, each four feet long, and when combined 
weighs 156 })onnds. With this machine, a cubic inch of gas from the de- 
composition of water is evolved in one minute and a half, the shocks are 
too powerful to be reoeived without danger, and the sparks, when the 
quantity armature is used, are accompanied with a loud snapping noise 
Uke the discharge of a Leyden jar. 

The induction of electricity by magnetism alone seems to open an 
exhaustless source for the supply of electric force without the trouble, the 
annoyance, the cost of voltaic batteries ; but hitherto it has not been 
of much avail. The laboui- of turning the wheel for the rapid rotation of 
the armatures, and the irregularity in the force consequent on irregularity 
of mechanical action, are serious drawbacks to the use of magneto-electric 
nuu^nes as the generators of electricity for experimental purposes. As 
an economical means of exciting electricity for electro-plating, it was at 
one time thought to promise great advantage. A patent was obtained for 
the application of magneto-electricity to that purpose, and Messrs. Elking- 
ton constructed at their works in Birmingham a very large machine to be 
worked by atesm-power ; but it was not found to answer so well as voltaic 
dectridty, in consequence of the want of continuity and steadiness in the 
electric current produced. Magneto-electricity has also been applied by 
Mr. Henley to work a needle td^praph with yety good effect, as will be 
subsequently noticed. 

As electro-magnets are far more powerful than any combination of 
magnetic steel ban, they have been somelimeB used instead permanent 
magnets for the induction of magneto-electridty, and with good results ; 
but the employment of a voltaic battery to induce magnetism, which is 
afterwards to be applied to induce electricity, romplicates the considera- 
tion of the action, and seems to render it doubtful whether the magnetism 
excites the electricity or the electricity excites the magnetism. This um- 
tual trunsumtution of the two forces into one another proves, however, in 
the strongest possible manner, the intimate connexion, if not the identity, 
of electricity and magnetism. By some hitherto inscrutable modifications 
of the same common forces it is developed at one moment exerting limited 
though energetic attractions on steel and iron alonp ; at another it is ope- 
rating on compound substances of every kind, separating their elements 
from the most intimate combinations ; again, we see it emitting light that 
rivals the sun in brightness ; now it is carrying lightning-messages through 
hundreds of miles of wire^ rather than force its way through a gossamer 
web; and yet again, we see the same force dealing destruction in its 
course, as it rends a passage through the air from the clouds to the earth. 

The dcTelopment of heat being a characteristic phenomenon of an elec- 
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trie current, it was inferred that heat was also capable of developing 
electricity. The satififactoiy proof of this inference is due to Professor 
Seebeck, of Berlin ; and though this intereBting- braneh of electrie science 
has yet made no important progress, suffident has been done to prove 
that heat, electricity and magnetism, are correlative forces. 

All that is necessary for the development of thermo-flcetricity is to 
heat any metallic body irregulai-ly at its extremities. The tliermo electric 
rehktions of metals have not, as at present ascertained, any connexion 
-with their relatvre Toltaie or conducting properties. In the following 
series the oombination of the metab at the two extremes produces the 
strongest electrical effects, the effect of the intermediate metals in the 
series diminishing as they approach. Those at the top of the Ust^ com- 
mencing with galena^ are poeitiTe to all below. 

1. Galaena. 6. Tin. 12. Zinc. 

2. Bismuth. 7. Lead. 13. Iron. 

3. Meraurjr, 8. liniss. 14. Arsenic. 

4. Platimtm. 9. Gold. 15. AntfaDony. 
6. ManganfiMi lO. Copper. 

11. Silver. 

The arrangement shewn in the annexed diagram represents a simple 
thermo-electric circuit that exhibits the phenomena in a very satisfactory 
manner. The rectangle b d represents a frame of metal ; the rectangular 
bar BCD being of bismuth, soldered at the comers b and B to a similar 

rectangular bar of antimony. A magnetic 
needle M is poised in the centre, and the 
whole is supported on an elevating stand. On 
applying heat to either of the corners b or D, 
' the magnetic needle is immediately deflected, 
thus indicating that an electric current is 
passing through the bars. The quantity of 
electricity excited is, to a certain point, pro- 
portionate to the different degrees of tempera- 
ture communicated to different parts of the 
same metallic bar, and does not de]>end on the 
absolute heat. Thus the application of ice will 
produce an electric current as well as the appli- 
cation of heat ; and by applying ice to one comer and the flame of a spirit- 
lamp to the other at the same time, the effect is greatly increased. 

The intensity of the thermo-electric current from a single circuit is 
extremely feeble, and is altogether impeded even by a short length of 
fine wire ; but it may be greatly increased by multiplying the series, tis in 
the voltaic pile. With a series of very short and thin bars of bismuth 
and antimony, having their alternate ends soldered together, and insulated 
from each other by pieces of thick paper, a very delicate thermometer may 
be constructed, which indicates, by the deflection of the galvanometer 
needle, variations of temperature much too minute to be appreciated by 
any other indicator of heat. 

By multiplication of the series spai'ks have been produced, and electro- 
magnetic effects have been obtained. A vivid spark was elicited by Che- 
Talier Antinori of Florence, on breaking contact j and IVofessor Wheat- 
stone suooessfullj repeated tiie experiment. He used a theimo-batteiy of 
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thirty pain of bismuth and antimony, packed into a cylindrical bundle 
1*2 inch long and three-quarters of an inch in diameter, with a coil of in- 
sulated copper ribbon 50 feet long and inch broad. Mr. Watkins, by 

using a thermo-ehictric battery of thirty pairs, each plate being 1-5 inch 
square and 0*33 inch thick, and heating oiu end of the arranj^ement with 
a hot iron, whilst the other was kept cool wiLli ice, succeeded in exciting 
an electro-magnet to such an extent as to support a woght of ninety- 
eight pounds.* 

M. Mellori and FktifesBor Forbes have made valuable use of thermo- 
electricity in their researches into the nature uf heat, as it affords the most 
delicate means of detecting variations of temperature. The ap})aratus of 
Professor I'orbes is represtiiited in fig. 73, The thermo-electric battery 
A, mounted on its stand, cou- 
sists of thirty-six altwnations 
of bismuth and antimony in 
very short and thin bars, con- 
nected at their ends, but insu- 
lated laterally by paper. The 
terminal elements of the bat- 
tery are produced at c, to which 
thick copper wires connected 
with tbe galvanometer Q are 
attached. In his experiments 
the deflections of the needle 
were examined through a mag- 
nifying instrument, so that the Sg. 73. 
least movement might be ob- 
served. The instrument is so sensitive in its indications that tiie approach 
of the hand towards the end of the batteiy produces a deflection of several 
degrees. 

Anotlicr s jiirce of electricity — the last we have to notice — is flrrived 
from the organisation of living animals. There are several fishes which 
possess the power of giving electrical shocks ; but those best known in 
tliis country are the torpedo and the gymnotus. The former is found in 
the Mediterranean, and along the shores of France and the south of Eng- 
land. It is a species of ray. The electrical organs lie on each side of the 
head, and consist of a qrmt number of hexagonal prisms, with their bases 
to one side of the fish and their apices to the other. Upwards of one 
thousand of these prisms have been counted in a single organ. The 
power of communicating shocks depends entire]^ on tbe nerves of the fish, 
for its heart may be tSkea out without diminishing the ^ect ; but the 
instant that the nerves are divided the electrical power is lost. The back 
and the belly are in oi)posite states of electricity, that of the back being 
positive, and that of the belly ne<j^ative ; and to receive a shock it is neces- 
sary to make a communication between them. 

The accompanying figure shews the fish with part of the skin turned 
over, so as to expose the right electric organ, which presents the appear- 
ance of a honeycomb. The moutii is shewn at d; the ten bronchial 

* Dr. Golding Bird's Natural Philofiophy. 




Digrtized by Got)gIe 



146 



THE PHBNOMBirA OF BUOTBIOITT. 



apertures at ee ; ff the outer xoargin of the great lateral An; gg two 
smaller fins, and h the tail fin. 
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The electrical properties of the gymnotus, or electrical eel, are better 
known than those of the torpedo, because some living specimens exhibited 
in London, first in tlie Adelaide Gallery and now at the Polytechnic In- 
stitution, have enabled Faraday and other electricians to make experiments 
with the eleetricity evolved. The electrieal organs are arranged from tiie 
head of the fish to the tail on each side of the spine^ like a voltaic bat- 
tery; the end near the head being positive, and the tail negative. The 
whole power of this living battery is exerted w*hen connexion is made 
between tlie head and the tail ; and if the communication be made between 
any intermediate parts, the effect is diminished in the same degree as in a 
voltaic battery under similar circumstances. On putting small live fish 
into the water with the gymnotus, Ihe latter forms itself into a circle 
enclosing the fish, and sends a charge through the water, which instantly 
stuns its prey. When the hand is held in tihe water whilst the charge is 
transmitted, a shock is felt, though not sojstrong as when the gymnotus is 
touched at its two extremities. 
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Fig. 75 represents a gymnotus with the electrical organs laid bare, the 
skin being turned over on eadi side. Flat portions and cross divisions 
mpear in parallel lines nearly in the direction of the axis of the body. 
They consist of thin membranes nearly parallel to each other ; their 
breadth about the semi-diameter of the body, but of different lengths. In 
the figure, a represents the head ; b the cavity of the body ; del the ventral 
fin ; e e the skin turned back ; // the external muscles of the fin ; y the 
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large eteefcriottl organ ; A A tbe amaller oigan. Fig. 76 presents two views 
of the entire fish. 
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In a series of experiments with the gymnotus, Faraday clearly esta- 
blished the identity of its peculiar power with tliat of voltaic electricity of 
great intensity. It produces a succession of shocks at short intervals ; it 
^fects electro-chemical decomposition, evolves heat, emits sparks, affects 
the galvanometer, and renders iron magnetic. An attempt was made to 
estimate the power of the apparatus, and though the experiments were 
not very satisfactMy, Faraday was led to conclude that a single medium 
discharge of the gyranofci\s is at least equal to a Leyden battery of fifteen 
jars containing 3^00 square inches of glass, coated on both sides and 
highly charged. 

The electrical eel experimented with w|» forty indies long, but it is 
found in the rivers and lakes ofVenmsnela six feet in Imgth. Horses 

that venture into the pools where the gymnotus abounds are stunned by 
their shocks and often dro^vned. Humboldt mentions that on one occa- 
sion he witnessed about thirty horses and mules driven into a pool oc- 
cupied by ininibers of gymnoti, which glided under the bellies of the 
animals and discharged through them most violent and repeated shocks. 
The horses, convoked and terrified, thdr manes ereet, and their eyes 
staring witii pain and angaish, made miavailing struggles to escape. 
The electrical energy of the eels, however, became exhausted in less than 
a quarter of an hour, and those horses that had contrived to keep above 
water during the attack recovered. 

The power of devel<)j>ing electricity appears to be limited to about 
eight genera of the known iishes. Frogs and some other animals of low 
organisation are peculiarly sensitive to tiie inflnenee of electricity, but it 
is very questionable whether they possess any voluntary power of its de- 
velopment. The experiment of the convulsion of the limb of a dead firog 
by making a communication between n muscle of the leg and a nerve, 
which has been adduced as a proof of the electricity of frogs, is altogether 
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dUtiiust from tlwt control of tbe deefrical power wliicli is exercised by the 
torpedo and gynmotuB. 

That there exists some intimnte connexion between nervous influence 
and ele<'tricity tluTC is little doubt. Miiiiy attem]>ts have been made, and 
with some success, to prove that the human body generates electricity; 
and we have heard it publicly asserted, and maintained by ingenious 
arguments, that tlie lungs are galvanic batteries which are .constantly 
generating vast supplies of the electric fluid, which are conTcyed by the 
nerves to the brain, and thence distributed to the whole nervous system 
to stimulate the vitnl fimctions. Dr. Golding Bird affirms, that "it is 
quite indisputable that the human body is always in an electric state, but 
of the feeblest tensioUi never exceeding that evolved by the contact ot a 
plate of zinc with a plate of copper. It increases with the hrritability of 
the person, and appears to be greater in the evening than in the morning, 
and disappearing ^together in very cold weather.*'* It appears to be also 
certain that electricity exerts an influence on the germination of seeds, 
thougli the experiukents hitherto made on this aubje^ have led to no satis>- 
factory results. 

From the mysterious connexion which is knuwii to subsist between 
electricity and the nenrcsis system, it is bat a step to attribute tbe in- 
fluence of the imagination, and of other affeetions of the mind, to electrical 
canaeSi On this supposition is founded the belief in mesmerism; which 

asfiume.s that au invisible electric fluid may be emitted by the power of 
will from the finger-ends of the operator, and be transfused into the 
system of the patient. It is not our intention to enter that debatable 
ground ; we allude to the subject only as it is one of the most notable 
forms in which the prevailing opinion of the influence of an electric fluid 
on the vital functions has clothed it«elf. It is a deeply-interesting question, 
however, which still remains to be proved, whether the same force which, 
differently modified, produeeB eleetricity. magnetism, and heat, is also to 
be identified with the immediate stimulus of vitality. 



CHAPTER XVIL * 

ECONOMICAL APPARATUS. 

Simple form of apparatus for ftictional ek ctricity— Diiectlona for constractiiig Electri- 
cal Machinea—Leyden Jars and Batterit^ — Electrometers — Electrophorus — Uni- 
versal Discharger — Voltaic Batteries — Electro -Magneta — Galvanometcra — Obser- 
vations on exciting liquids for Vultuic Batteries. 

There are many students strongly inclined to explore the attractive regions 
of electric science, whose researches might add greatly to the stock of 
knowledge, and tend to the elucidation of tlie mysteries in which the rela- 
tions of electricity to other forces and to the vital principle are shrouded ; but 
they are deterred fiom advancing by the ooat of the neceesary apparatus. 
We propoac^ therefore, to asmat in removing this obatade by giving hints 

* Elements o£ 2^aiurai Phiiosoph^r, p. 307* 
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for the oonstrnotion of ftppmtni wlueh any one poasesBed of a certain 

degree of mechanical skill can put together hhnself. 

Every tlimg that is absolutely necessary for exhibiting the phenomena 

of frictional electricity ^riay V»f provided at the cost of a few shilliiig^s, 
yvhfu no great amount of electrical force is required. The author, when 
a boy, made and experimented with an apparatus of the ver^' simplest kind. 
His first exciter of electricity was a long bottle of the same shape as those 
in whieli ean-de-CoIogne is eontainedf Intt wider and larger. An old piece 
of black rilk> on which a little aumm nmsimim was spread, served for the 
mbbw; and with this bottle, after it had been well dried before the fire, an 
energetic excitement of positive electricity wnq obtained by bobliiig it in 
one hand and rubbing it briskly with tlie otlier. For exciting negative 
electricity a large stick of sealing-wax was used. With the glass electric 
a Leyden jar, consisting of a large glass tumbler coated inside and out with 
tin-foil to within an inch of the rim, was fully charged in a quarter of a 
minute. The dischargii^-rod was a piece of bent wire ; and an insulated 
stand was formed of a piece of board mounted on a small phial cemented 
to the wood with senbng-wax. An electrical machine was afterwards made 
of equally simple materials. The cylinder was a large phial, into tlie hol- 
lowed bottom of which was cemented an axis, shaped with a knife to ht 
into the hoUow at one end, and rounded at the other like a n»indle. A 
rude1y«construeted handle was cemented into the neck of the phial, and it 
was mounted upon two wooden supports fixed into a flat board to serre 
as the base. The prime conductor was p:irf of the handle of a hair- 
broom, rounded off at each end and covered with tin-foil. It was mounted 
on a long narrow phial for its insulating support, and pinf? were stuck into 
the wood to collect the electricity. The cushion was supported on a wooden 
prop, and pressed against the bottom of the small cylinder. With this ma- 
chine, sparks two inches long could be obtained, and it could folly diarge 
the tumbler Leyden jar with about twenty turns of the handle. 

With an apparatus so rude and costloss in its construction, many of 
the most remarkal)!* plu iiomrna (,f electricity could be exhibited; but its 
diminutive size and rough appearance were scarcely suited for the labo- 
ratory of an adult experimental philosopher : we notice it merely to shew 
at what little expense electrical phenomena may be exemplified. We shall 
now describe a means of providing an apparatus of a better kind, suitaUa 
f<Mr all experiments with frictional electricity. 

A length of stout glass tube, two feet long and an inch and a half in 
diameter, which may be purchased at a barometer-maker's for one shilling, 
serves as an excellent means of exciting electricity by manual friction. It 
should be Tarnished inside to prevent the moisture of the atmosphere from 
condensing and adhering to the glass, and it should be closed at each end 
with corks. Aurum mutimun (sulphurct of tin), a email quantity of which 
may be purchased at an operative chemist's, serves even better than amal- 
gam to stimulate the excitement of electricity by alternating friction. 

The glass cylinders for electrical machines may now be purchased of 
various bizes from the philosophical glass-vendors. One of these, six 
inches in diameter, fitted into a fi»me comdsting of a wooden base and 
two uprights made of baked wood, will answer for most purposes very welL 
The prime conductor may also be of wood, covered with tin-foil; its Insu- 
lating support being a glass tube about nine indies long, Tarnished. Fins, 
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or pieces of brass wire sharpened afe both ends, may be stuck into tho 
wood to collect the* electricity from the excited cylinder. The cushion, 

^yit]\ its (lap of silk attaclied, may be supported on an upright of well- 
baked wood linnly fixed into the wooden base, which will press agaiust 
the side of the cylinder by the springy nature of the wuoU. A handle may 
be purchased to cement into the neck of the cyhnder, it being of not much 
consequence whether it be insnkted or not. 

Leyden jars may be easily made by coating glass jars with tin-foil in- 
side and out> the foil being made to adhere by a thin layer of paste. A 
thick brass wire, to serve for the connexion with the inside coating-, 
should be supported in a firm position in the centre of the jar by a large 
cork, and a piece of thin wire must be attached to the bottom to make 
connexion with the inside coating. The object of having thick wire is to 
prevent the dissipation of electricity, which takes place from points and 
raaall surfaces. The end of the wire outside should, for the same reason, 
be covered with a hollow brass ball. Such balls, with screw-holes for the 
wires, may be obtained at the philosophical-instrument makers' for three 
pence each. 

In forming u battery of Leyden jars, they should be fitted into a box 
about half their height, with partitions imnde to prevent the jars from 
being broken by collisions ; and the bottom of the box should be lined 

with tin-foil, to form a metallic connexion between the outside coatings. 
All the wires or knobs connected with the insidcs of the jars should 

also be joined tof^^ctlicr by wire. A battery of six quart jars, sufficient to 
defiuL^rate snuiU ntrips of metal leaf, may thus be constructed at a cost of 
fourteen iihilliugs. 

An electrometer presents little difficulty. Four inches of glass tube 
two inches in diameter may be cemented on to a wooden stand, having 
first pasted two narrow strips of tin-foil one inch and a half long opposite 
to each other inside on the lower part of the tube. The strips of tin-foil 
should be conneeted tofjetlier, and have also a metallic connexion outside 
the stand. A cork covered with tin-foil may be fitted into the top of the 
tube, instead of a metal cover, allowing a small piece of foil to project iu 
iii9 centre inside for the convenient attachment of two strips of gold-leat 
The gold-leaves should reach so far down as to be raJQier below the strips 
of foil on the side of the tube, taking care, in pasting them to the cover, 
that the metallic connexion is not obstructed by the paste or gum. 

In making an electrophorus, recoiirse may again be had to wood 
covered with tin-foil, as a substitute for solid metal. I'aste a disc of tin- 
foil nine inches in diameter on a flat board, and over the foil fix a disc of 
the same sise of thick sheet gutta-percha, or pour over it some melted 
rednous cement, made as flat as possible. The conducting insulated plate 
may consist of a flat circular piece of wood, smaller than the cake of 
cement ; the surface being covered with tin-foil, and having attached to 
the centre of its upper surface a piece of glass tube to serve for the in- 
suUtiug handle. 

An universal discharger, insulating stands, and stools maybe made by 
vmns short lengths of strong glass tube for the insulating supports. Gutta 
penfa wiU be found a veiy convenient substance for many smaller parts 

of appfiratns, as it may be easily moulded into form by immersing it in 
hot water, and joio known substance is so good an insuUtor. By adopting 
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tbe ^lan iAsuM slEetched out, any ^>erson, witfh a little inganiity and me- 
clianical BkiU, may put together a very complete and sufficiently powerful 
apparatus for general experiments with firictional electricity, at a cost of 
less than two pounds. 

ExpcriTnents with voltaic electricity, if continued, are more costly, be- 
cause, in addition to the original expense of the aj)paratus, there is the 
constant consumption of the exciting materials. For those experiments, 
however, which do not reqiure a numerous and powerful comlnnation 
of plates, voltaic apparatus may he made at even less cost than that 
frictional dectricity. Zinc plates may be obtained at the metal-ware- 
houses of various degrees of thickness, and cut into any size required, at 
the rate of fivepence the pound. It is not desirable to have the plates 
less than the eighth of an inch thick. They may bo readily amalgamated 
by dipping them for a few seconds into diluted sulphuric acid, to clean 
the surfiMies, and tiien sprinkling over them some glohules* 4^ mercury, 
which may he nibbed on the zinc with the end of a c i l: 

The only part of the manipulation in making voltaic batteries that is 
attended with any difficulty, is the soldering of the metallic connexions. 
The method of doing it is, however, soon acquired, and with a brazier's 
small soldering-iron, a little soft solder, and some muriatic acid, the cop- 
per connexions and the binding screws may be soldered on to zinc plates 
without much trouble. A voltaic arrangement, consisting of two pairs of 
zinc and copper plates six inches square, may be fitted up in earthenware 
cells for four shillings. Such voltaic battery \vill ignite fine metal wires, 
decompose wat^r and most other compound substances, powerfully excite 
electro-magnets, deposit metals from their solutions in the processes of 
electrotypiug uad electroplating, and, by inducing secondary currents, give 
strong electric shocks. 

l%e large fist earthenware cells cost one shilling eac& ; therefore it Is 
most economical, when many combinations are required, to divide a long 
water-tight woodcji trough into compartments by cementing into it square 
pieces of slate or thick glass, about an inch and a half apart. 

Electro-magnets are very readily made. Having obtained from a 
smith some pieces of best soft bar-iron, bent into the shape of the letter U, 
wind round each limb a quantity of covered copper wire, ohsm ing to twist 
it round each in the same direction and as evenly as possible, and the 
magnet is complete. The quantity and thickness of the wire depend on 
the kind of magnet that is required, as ]>reviously explained. " Covered 
copper wire of the size of thick bell-wire (No. 14), which is the kind 
generally used for primary magnetic coils, is sold for three shillings the 
pound. Thirty ^'ards of such wire are sufficient to make a powerful horse- 
shoe magnet, with iron abont half an indi in diameter and five inches 
long. The wire for inducing secondary currents should be wound upon 
the primary coil, but separated from it by a piece of silk ; and medical 
coil-machines for giving sh ocks by sccondar}' currents require at least 
1000 yards of very tine covered wire. The finest silk-covered copper wire 
to be procured is as thin as a human hair. Its price is sixteen shillings 
the pound, and one pound of it contains 18,000 yards. Thou||h wire of 
this extreme degree of tenuity is mneh used for secondary dreuits and for 

• Page 133. 
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higUy aenflitave galywioineten, it is ijiiestionable whether a rather thicker 
wire, that will allow a greater quantity of electrieity to pass, is not to 

be preferred. 

To construct a galvanometer in the easiest way, it will be advisable to 
purchase a common pocket-compass, which may be procured for two shil- 
lings. Fix on to the magnetic needle a very thin strip of paper at right 
an^efl to it, to serve for the Index. Twist across the compass-box a 
number of turns of fine wire, so that the coil wound round it may be 
about half an inch wide and about a quarter of an inch in thickness. The 
galvanometer thus formed should be fitted into a small box o[)en at the 
top, to enable it to be placed steadily, and through the sides of tlie box let 
the wires from each end of the coil project. When used horizoiuuUy, the 
compass should be so adjusted that the coil and the needle may be parallel 
to each other ; therefore both will then be in the magnetic meridian, the 
needle being concealed by the coil. When the two ends are connected 
with any source of voltaic electricity, so that the current may pass through 
the coil, the needle will be immediately deflected, and the paper index will 
shew the direction and the amount of the deflexion. Simple galvano- 
meters of this construction were employed by Dr. O'Shaughnessy on the 
first telegraphic lines in India» and thej were found very efficient instru- 
ments at a distance of several hundreds of miles. 

The exciting liquid for voltaic batteries most generally used is sul- 
phuric acid, diluted witli water in various proportions. When the zinc 
plates are well amalgamated, one measure of acid may be diluteil with ten 
of water ; but when the plates become worn a weaker solution is desirable. 
By this dilution local action is avoided, and the effect is equally powerful ; 
because the dnc wh«a worn exposes a laiger snrfiice, and is more easily 
attacked by the acid. When powerful action is not necessary, it is better 
to eynploy a nuicli more (Hinted acid, in the proportion even of one to forty. 
Sulphuric Mcid, when j)nrchased by the pound, is very cheap. A large stop- 
pered glass bottle, containing ten pounds, may be bought for half-a-crowu. 
Solutions of alum and of salt are good exciters when energetic action is not 
required. Sulphate of copper is also a good exjnter of voltaic electricity ; 
but when use^ the zinc should be placed in a separate porous cell, con- 
taining diluted add or a saline solution ; otherwise metallic copper d c jiosits 
on the rinc, when immersed in the sulphate, and produces countt r;i( tion. 

The preceding remarks on the construction of economical apj)aratus, 
though not perhaps sulSicient as explicit directions, will serve at least as 
hints to those who denre to exercise their ingenuity or to save expense. 
When neither motive operates, the student may supply himself with better 
apparatus than he can hope to make from any oif llie manufacturera of 
philosophical instruments. 
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CHAPTER XVIII. 

BUMTBIC TELBGRAFK8— XBAira OF CX>IIMUBIG4ma. 

First attempts to transmit messages by electricity — Conducting power of the earth- 
Opinions respecting the cause — Resistance of long wires to transmission — Voltaic 
canentt — MocUi <^ making eleetiie commuiiicatioiu— Diffienlties of Insulation-^ 
Pefecta of the prewot ajitom— Submarine tolegtaplit— Nov pla&- propooed— Ph»- 
tpect of telegraphic commniricatiom with Aneiica. 

The practical application of electric force to the requirementg of ciTilised 
Hfe can flcarcely be dated beyond fifteen years from the present time ; jet 
iritliin diat short period the power of eleetricity has been applied, with 
more or less 8U(K:e3s, to a vast variety of purposes. The transmission of 
lij^htning message^, the working of mrtrliinery. the chronicling of time, the 
lighting of streets, the manufacturing of in ctal utensils, gilding and plating, 
even sounding the depths of the sea, and tlie detection of the midnight 
burglar, are among the many wied nsaft to whi^ eleebneitgr has bm 
direeted. 

The rapid transmisnon of electric discharges through extended lengths 

of wire suggested, at a very early period of the history of electricity, the 
idea of its applicability to telprn aphic purposes. The firat plan for trans- 
mitting messages by that nu aus of which there in any record, was that of 
M. Lesarge, of Geneva, iu 1774. The signals were made by pith-ball elec- 
trom^ers, placed on insulated wives eztoided between the places with 
which comnmnioation was to be established. The discharge of a Leyden 
jar, on being sent through the wire at one end, caused the pith balls to 
expand on the oth^r. T!iere were as many insulated wires as letters of the 
alpbnbet, each one serving to indicate a separate letter; and, as the electric 
disi li ii _fe was sent successively through the wires, by noticing those on 
whicii the pith balls expanded, the words to be transmitted were spelt. 

Thus we peroeiTe that at least seventy years before any eleefcrio te1e« 
graph was in practical operation, a plan for establishing each means of com- 
munication had been pointed out. Several other modes of making commu- 
nications by frietional electricity were invented, which will be noticed in the 
next chapter ; but most of thtiu, like that of Lesarge, required a separato 
wire for indicating each letter. The discovery of voltaic electricity, and 
still more that of elecU-o-magnetism, greatly added to the facility of trans- 
mitting signals ; nevertheless twen^nnx wires, one for each letter, were 
genenuy considered requisite ; asd the difficulty of forming an insulated 
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wire connexion throv^h which the voltaic current may be transmitted 
without loss of power, is still the great difficulty in telegraphic oommuni- 
cation, even when two wires only are employed for each instrument. 

Before we describe the various modes that have been invented for 
transmitting electric messages, it u desirable that we should explain the 
means of miakuig eommunicatioii, and shew how the difficulties to be en- 
countered may he overcome. 

The experiments undertaken in 1747 by Dr. Watson and other Fellows 
of the Royal Society, at Shooter's Hill, on the conduction of electricity 
through wires supported on short posts, not only proved that at a distance 
of two miles the charge passed instantaneously, but also that the return 
drcQil^ of equal length, coold be transmitted through the dry gromid. In 
those experiments friotional electricity was employed^ the discharge of a 
Xieyden jar having been sent through the circuit. The force of voltaic elec- 
tricity is comparatively so fechle, that scarcely any sensible current would 
pass thrciii;li i:round as dry as that ])urpo8ely selected for its dr}-ness in 
Dr. Watsuii d txperiments ; but wdien ])lates connected >vith the two poles 
of a voltaic buttery are buried in /lUjist earth, the conduction is so perfect 
that at a distance of several hundreds of miles no appreciable quantity of 
voltaic electricity is obstructed by resistance. The honour of the discovery 
of the conducting pow er of the earth has been claimed in recent times^ 
fhoni^rh the fact was established hj experiment before the dose of the last 
century. 

The "earth-circuit, as it is called, is now made use of in ail telegraphic 
commimications, and is of great practical utility, not only because it dimi- 
nishes the resistance to the electanc cunmity but it eflects also a conrider^ 
able saving of expense. If wire oommonication alone were depended upon, 
it would be necessary to have one wire to conduct the correnC ^nd another 
to convey it back to the battery ; but by introducing large copper plates 
into the earth at the cia i e^pomlinrif stations, the return circuit is completed 
tiirough the moist ground, and one wire is saved. This saving of wir^ 
which in the case A a single drcuU amouats to one-hal^ is nSt jiropcMr- 
tionally great when several circuits are employed; for a single wve wiU 
serve for the retom drcnits of any number that may be used, in the same 
manner as the earth. 

The annexed diagrnm will explain more clearly the action of the carth- 
drcuit The letters a b represent the wires making communications be- 




Sg. 77. 



tween the batteries D and E, and the telegraphic instruments i o, at the 
receiving station. The electricity from the copper end of tlie >>attery l> 
would be oraductod along ▲ through the instnuuent i, by the wire k to 
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the eari^-plate h. It would be then trausimtted through the earth, on 
its return to the battery, in the direction of the arrows, to the other earth- 
plate ci» and thenee it would fiad iti way to tiie smc pole of tbe battery 
D, and eompleto the circuit. In the same mamier tiie electric current 
from the copper end of the battery e would be transmitted through the 
wire B, and would complete its oircnit also by means of the earth-plate H, 
and would traverse the course indicated by the arrows, and return to the 
zinc end of £. Though both electric currents traverse the same wire, from 
the inatnimeiiia i o to Ae eaith-pkte h, and aia thenee transmitted 
tinoDgb tiie eartii to a single plate ft at- the tranamittiiig station, there le 
no minting of eomnti^ the eleetrie enrrent of each battery being kept as 
distinct as if separate wires were used both for the transmitted and the 
retum cui rent. It would, indeed, be as impossible for the separate currents 
transmitted from the two batteries to be mingled together, as it would be 
for the written contents of two letters enclosed in the same mail-bag to inter- 
mix. The entire sqwration of the two eanentSy when tnnemittedtliK^^ 
the earth, alao takes place when a single wire oidy is used for ihe xetnmlng 
portion • of the einmit. Suppose, for instance, the plates h and.O, in- 
stead of being buried in the earth, were directly connected by an insu- 
lated wire, the current from each battery would be equally separate ; but 
the resistance offered by the wire being very much greater than that of 
the earth, not nearly so much of the power of the bottiory would be trana- 
mitted. 

Ftire water is estimated to offer three million timea the resistance of 

copper to the passage of an electric current. It seems, tberef(ire. an 
anomalonf? hct, thnt thr- moisture of the earth should conduct electricity 
between two diatant puiiitri su vt ry much better than metal wires. Tlie fact 
is, indeed, so contradictory to the known relative proportions of the conduct- 
ing powers of water and metals, that attempts have been made to explain 
the phenomenon by aangning other eanses than mere conduction. It has 
been assumed that the earth is a vast reservoir of electricity,* and that the 
positive current from the l>;itt( ly f, when it enters thrit reservoir, is at 
once transferred by some process diiierent from that of conduction to the 
corresponding plate. 

This opinion has received countenance in quarters that haTO given it 
more importanee than it woold otherwise seem to deserve, espeeiany when 
it is well known that an imperfect conductor can compensate for its defec- 
tive state of conduction by increase of volume. Take, for instance, the 
two metals copper nnd iron. Iron offera seven times the resistance of cop- 
per to the jiussaLTO of un electric current; but by proportionally increasing 
the size of the iron wir^ a cuxrent of electricity will be transmitted 
tinoogkit as readily as throniigh the better 00^ In the same 

manner, by bringing into oondneting aelioii a large body of intflfpoaed 
moist earth, the electricity, which womd not pass through a small qnaiitiljy 
. is transmitted without any apparent resistance when a large seotional ana 
.is included between the plates buried in the ground. 

Prof^sor Matteuchi has made numerous experiments with a Tiew to 
ascertain the amount of resistance offered by the earth to an electric cur- 
rent, and the mode by which the tranafinr ia effected, the result of which 

* 
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is 'decidedly in hvont of the opmion that the transmission is produced 
direelly by means of conduction only. " If,** as he obseryee, "tiie effect 

was eaused by immediate absolution and reproduction, a mere contact 
with the earth would be sufficient; but it is essential that the plates buried 
in the ground should present a large surface, without which there is a 
comparatively small quantity of electricity transmitted." The Electric 
Telegraph Company generally bury a quantity of sulphate of copper with 
the earth-platee, so as to aumnmd them with a good liquid conductor, 
wluch serves, practically, to inorease the condnctiiig surfaces that connect 
the poles of the hatteiy with the earth. 

The resistance of a wire to the passage of an electric current increases 
with its length, but not in direct proportion. In experiments by Professor 
Morse, of the United States, when luing a battery of 100 pairs of plates, 
It was found that when the current was transmitted through oncmile, one- 
third of the battery powcTiwas lost ; at a distance of two miles, one-half 
tiie fNiwer was transmitted ; and at a distance >of five miles, only one-fifth 
the quantity of water could be decomposed in the voltameter, compared 
with the decomposing power of the battery when no lenc^h of wire at all 
was interposed. • The resistance proceeded in a <liuiiuishing ratio until a 
distance was attained beyond which there appeared to be little further 
diminution of the power transmitted. The sametesitlt has been observed 
in the telegraph lines in Engisnd. The diminution, of Ihe.decftrie current 
by resistance of the Wire is not much greater at a distance of 200 miles 
than it is at a distance of 100, provided the insulation be very pocxl ; but 
if the insulation be imperfect, of course the loss of power will inorease 
with the length of the circuit 

The difficulty of effectmg perfect insulation of the wires is the greatest 
impediment to the establirament of telegraj^ communication. The 
wires are either supported on posts, or they are covered with gutta percha, 
and laid iti trenches underground. The former plan is generally adopted. 
The posts are about fonrteen feet high, and cross arms of >vood dd (Rg. 

78), eighteen inches long, are fixed to 
them ciross-wise, about ten inches apart. 
At each end of the short wooden ann balls 
of ewthenware 65 are attadied, in the 
sides of whi6h nicks are made to hold the 
wire ; and these globes are covered with a 
eap of galvanised iron, to protect them 
from tlie ■ rain, and to prevent the deposi- 
tion of dew. The earthenware .being an 
imperfect conductor of dectricity, insulates 
the wires from the posts, and prevents the 
electric current from passing down them 
to the earth in wet weather. Balls of 
glass are beginning to be used instead of ^ 
earthenware, &a that substance is a better 
insulator. Iron wire, one-sixth of an inch 
in diameter^ and galvanised to prevent 
i|f-.7«. ooRosion, is the kind used in the tdogn^ 

lines of this coimtry. As many as thir- 
teen of these wires are .attached to the poets on the NAcih- Weston liail- 
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way, near Lcmdon* Some of them extend to Liverpool and Haiiftoter, 
Bome to Glasgow, and some are oonnected witii tbe intermediate towns. 

By placing wires forming short circuits in close proximity to those of 

long circuits, the difficulty of insulation on the longer circuits is consider- 
ably increased. Let d i represent a wire extending from London to Liver- 
pool, and E o one extendiuj^ from London to Birming^ham, both sup- 
ported on the same posts witUiu u few inches of each other, iu u damp 




state of the atmosphere, when there is any defect in the insulation of the 
wires, the eleetricity in* its course along Di will be coiUinually passing to 
the wire bo, as shewn hy the dotted lines; for it can hj that means take 
a shorter return-circuit by passing to the earth-plate of o,^ and thus return 
by the plate, which is common to» both wires, to the battery of D$ instead 
of traversinf}^ tlie Avliole of the long circuit to I. In this manmer it not 
unfrequently happens that so much of the eleotaiic ourrent is diverted that 
the telegraph instruments cannot be worked. 

In &e o|nnion of the author, the esei^ of eleetridfgr firom the wire is 
greatly facilitated by the exposure of the wires in such close proximity to 
oadi other without any insulating coating. He brought this subject before 
the notice of the British Association for the Advancement of Science at 
the two last meetiiiL'^s at Ipswich and Belfast; and in the papers read by 
him on those occa.sioiis lie endeavoured to shew that the greater part of 
the \o&d of electricity in damp weather is owing to the communication 
from wire to wire through* the moist atmosphere, and is not occasioned hy 
defective insolation at the posts. In this opinion several telegraphic engi- 
neers now agree ; and to secure perfect insulation, not affected by rain or 
fog, it would be necessary to varnish or otherwise insulate the suriiaoes of 
the wires. 

It is the opinion of many electricians that the low intensity of voltuc 
electricity effectually prevents it> from passing from wire to wire^, even 
through an atmosphere of fog. This opinion is^ however, opposed to sound 
reasoning on well-established &cts ; ancP though on the small scale* in 
which experiments can be conducted in a laboratory, no appreciable quan- 
tity of voltaic olc< tricity will pass through the air. wncli limited means of 
observation arc not to bedepcmled on when the surfaces e:q t^i <1 arc very 
great. Each iron wire from London to Liverpool exposes a surface of not 
less than 4d,000 square feet> and between several sur^Mieaof that extent, 
only ffiz inches apart, there can be Itittle question that a large quantity of 
the electric power must be transferred and lost when the air is churgtd 
with moisture. 

The wires on the telegraph lines in India are thicker, and they are 
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placed at a greater €]ev«ti<m than in thii ccMmtiy. The stronger wires 
were found to be necessary to oiable them to support the large birds and 
the monkeys that ])ercbed and congregat<?d upon them ; and greater height 
was required to allow loaded elephants to pass underneath. Dr. O'Shaugh- 
uessyi the superintendent of the East India Company's lines, has also 
Introdnoed the plan of making the posts strong aa well as higher, by 
i^iidi means they may be plMed at greater dutancee apart; not mece 
than fofjtkt poflta being required in a mile. lu this country it has been 
customary to consider the protection of a railway essential to the esta- 
blishment of telegraph lines. The protection, however, that a railway 
affords is more imaginary than real; and in India the C()ini)letion of a 
system of telegraphic communication over 2000 miles of country will pre- 
cede the consfnctioii of railways. 

When the atmosphere is in an electrieal condition, tite telegraphio 
instruments are often disturbed, tiiough no current is transmitted along 
the wires from the batteries ; and during thunder-storms the wire coils 
have been destroyed by lightning. To prevent this disturbance by atmo- 
spheric electricity, hghtning-conductors are attached to the post£ at certaia 
^rtanoes. 

In the miderground plan of laying down telegraphic lines, tiie copper 

ynm are covered with gutta-peroha, and are then laid in trenches two net 
deep. This plan is found more expensive than the suspension of wires on 
posts, and it has not, until recently, been adopted in this country, except- 
ing under special circumstances, such as connecting the wires with the 
telegraph stations in towns by passing under the streets. In those cases 
it is usual to poteot the wires by endosing them in iron tabes. In 
Prussia the nndeigronnd r^ystem was at first generally adopted; but it is 
giving way to the auptsuaxm on posts, as the gutta-pen^ coating was' 
attacked by vermin when not enclosed in tubes. A successful under- 
ground line has been recently laid down along the common road from 
London to Dover, in connexion with the submarine telegraph to Calais, 
which may perhaps be the means of introducing that method more exten- 
sively into me telegraph system of England. 

The pkn that £u been fomid most succeasfbl for sabmarine telegnphs 
is to enclose several copper wires, coated separately with gutta-percha, 
within a hollow wire cable, of which the insulated wires form the core. 
Oables of this kind, resting on the bed of the English Channel and of the 
Grerman Ocean, now serve to transmit messages between England and the 
CSontinent, and answer the purpose remailcaluy wdL 

Fig. 80 shews the mode of enclosing the wires in their oater casing of 




iron. The protrucUng end c exhibits the copper wires covered with gutta< 
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pfirdiay and twisted spirally j b is ft covering of hempen twine, to form 
the core; a the cable of iron wiv^ end the other ead shews a section of 

the whole. 

Tbe principRl objection to that system is its cost. The cable from 
Dover to Calais, with foui* thin copper wires enclosed, cost, we understand, 
20,000;. 

Copper wire is used fiir anbmsnne telegiaplu^ because eopper is a 
mneh better coaduetor of electricity than iron; and as a thinner wire 
answers the purpose of conduction, it may be more easily insulated, and 
forms a smaller core for the external cable. This mode of forming sub- 
marine telegraphs is, however, in the author's opinion, open to many 
objections. All the failures that have occurred in endeavouring to establish 
submarine telegraphic eominnnieation haye arisen firom the breaking of the 
wires. The experimental wire across the Engliisdi Channel broke shorlily 
After the first signal was trannnitted ; it was the same with that from 
Holyhead to Dublin, though protected by a thick wire covering; and the 
first wire from J^onaghadee to Port Patrick was cut in two by mistake. 
It seems highly objectionable, therefore, to continue the use of thin copper 
wire under circumstances which experience has shewn require additional 
Strength. The rejection of thick iron wire, on the ground that it is more 
difficult to insulate than thin copper of equal conducting power, seems 
to be not well founded. As iron conducts electricity mth less facility 
than copper, any defect in the insulating coating will lisive a less injurious 
effect than if an c<(ual or a much smaller surface of copper was exposed ; 
therefore^ the didicuity of insulation would not be increased by the use of 
the stronger and less perfectly-ooadncting metal. The cable, it is tme^ 
would be thieker; but its strength would be increased in a yexy much 
greater proportion, and there wouM be much less dang^ of failuie. 

In forming a submarine telegraph it would be desirable not to employ 
many wire*^, which increase the difficulty of insulation, but to rely rather 
on increasing the rapidity of tra^i emission by the use of superior instru- 
ments. The actual uumber of public messages transmitted by the Electric 
Telegraph Company between all parts of England and Scotland in the 
half-year ending in July 1852, amounted to 80,915 ; and that number might 
be transmitted through a single wire if the most rapid instruments were 
employed. 

Having succeeded in connecting England with the continent of Europe 
by submarine telegraph, so as to transmit intelUgence instantaneously from 
London to Brussels and Paris, the problem that remains to be solved is, 
to eflfect similar communications with America, the East Indies, and Atts- 
tralia. It has, even at present, almost resolved itself into a question of 
money. Such a cable as that which now connects France with England 
might, by proper arrangemcTit-^ and the aid of a number of steam-ships, 
be stretched across the Atlantic. The cost of the cable, with the ex- 
pense of laying it down from the western coast of Ireland to New 
Brunswiek^ would not amount to one million pounds sterling ; and for the 
4MM»omplishment of a great national object, so important to oommeroe and 
to our colonial goTemment, tiie expenditure of one million is scarcely 
worth consideration as an objection. But if the mode of communication 
which we have indicated as mopt suitable for submarine telegraphs were 
adopted, the cost would not amount to nearly so much, nor would the 
<lifiiculty of laying down the wire be so great. 
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A single wire telegraph between England and Ainericft would, in the 
first instance at least, be amply efficient. A tl.ick galvanised iron wire 
or rod, coated with gutta percha, and that coating j)rot<'cted fur bume dis- 
tance by a GsoTering of iron wire, might be constructed at a compaiatively 
small cost, and would be much stronger and fona a more efficient con- 
ductor of dectricity than a thin copper wire. Such a telegraph-wire 
might be laid down between the west of Ireland and America for less flian 
100,000/. It should be rcmember(H!, also, that in the depths of the At- 
lantic, beyond the range of animal or \ egetahle life, and where no anchors 
ever reach, the telegraphic wire would he free from the dangers to which 
it is exposed in shallower seas. There is, indeed, no practical difficulty 
in extending a telegrapli wire to America that maj not be easily sar- 
monnted ; and with the almost certain prospect of inataataoeous commu- 
nication betweod the old and new world, for one-tenth the cost of build- 
ing a bridge aeroas the Thamea^ it cannot be long before that event is 
realised. 

The extent of telegraphic communication in Great Britain at the pre- 
sent time is about 3000 miles, in Franoe 2000, Prussia 4000, Austria 
3000^ and in America not lesa than 15,000. 



OHAPT£B XIX, 

XLBCmC TBLEaSAFHS — BIOITAL VimUMXmBk 

Progress of telegraphic invention — Instruments invented by Lomond, Reizen, Soem- 
mering, Ronalds, Ampere, Schilliug, Gauss, Steinbil, Alexander, Davy — Cooke and 
, WheatatonelB needle telcgnphe— Action of the needle telegimph'— Rapidity of tfana^ 
auHon-^Benley** Uagneto-EIeetric Telcgtnph^Bngaet'e Semepbore. 

The form of instrument first contrived by Lesarge, in 1774, for transmit- 
ting telegraphic messages has been already noticed. lu 17S7 M. Lomond 
BO far simplified the means of telegraphic oommnnieations, as to point out 
the way of transmitting signals with a single wire. He adopted Lesarge's 
plan of using a pith-ball electrometer ; and he indicated the letters of the 
alphabet by the numbers, and tlic variations in the duration, of tlic diver- 
gences of the balls. With this telegraph M. Lomotul ooTinminicated be- 
tween different ruoms in his house, the force employed being that of an 
electrical machine. 

Ten years aft^waids a very ingenioos applica^on of dectric light to 
telegraphic purposes was made by M.^ Beizen. He pasted on a pane of 
glass strips of tin-foil with spaces cut out in the form of letters of the 
alj)habet, so that when an electric spark was transmitted through the con- 
voluted foil, the light at the interstices presented the form of the letter to 
he indicated. As a means of indicating the signals this mode was perfect, 
but it req,uired a separate wire for each letter. Several other ingenious 
oontrivances were invented on the continent for the transmission of signals 
by frictional electricity at the commencement of the present century, but 
none that deserve special notice in this summary. 

The first known application of voltaic electricity for the transmission 
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of i^als was that of M. Soemmering, in 1809, as annouuced to the Aca- 
demy of Sciences of Munich. The bubbles of gas arising from the de- 
composition of water served to indicate the letters to be transmitted. 
Thirty-five gold wires were inserted through the bottom of a long narrow 
* glass vesseli half filled with acidulated water. The circuit of the voltaic 
battery was passed tlum^h tihe water by conneeting any two of the wirea 
with uie opposite poles of the hatteiy. The instant that eonnezion vaa 
made and the circuit completed, bubbles of hydrogen gas rose from one 
of the wires, and of oxygen from the other. The hydrogen gas, being in 
the proportion of twice the volume of the oxygen gas, could be easily dis- 
tinguished. Every wire signified a letter of the alphabet, and that wire 
from which the hydrogen was successively evolved was the letter to be 
noticed. By this means a very efficient mode of signalUng by eleetro-che- 
mical decomposition was arranged ; but the practio^ diffioilty of requiring 
so many wires would, xmd&t even more favourable circumstances, have 
prevented its adoption. By a simple modification of the instrument, how- 
ever, it may be easily adapted to the transmission of all retjuired signals 
with a single wire. If two gold wires only were inserted through the bot- 
tom of the glass Teasel, the hydrogen gas might be made to issue from 
one w the oth w by revennng the poles of the battery, in the manner now 
done with the needle telc^^iaph, as will be presently explained. By this 
means the issue of hydrogen gas from the right-hand wire might signify 
one letter, and from the left wire another. A repetition of the jets of 
gas, from either of the wires alternately, might signify other letters ; and 
thus the whole alphabet might b« indi&ated by a single circuit, in the same 
manner, and almost with equal &oility, as it is- now done, by deflecting a 
magnetic needle to the ri^^t hand and to the left To call attention when 
a message was to be transmitted, M. Soemmering proposed to liberate a 
wound- lip alarum by means of the evolution of the gas. 

A modification of ISl. Soemmering' s telegraph, by which all the signals 
might be transmitted with two voltaic circuits, was, indeed, propo^d by 
M. Sdiwieger. By his plan the Tariotiona of the aymbda- were caused by 
employing two batteries of diflerent powem, which consequently cTolved 
different quantities of gas» and also by mddng Taried inteiiyals in the 
emissions of the gas from the gold wires. 

A very remarkable form of electric telegraph was invented by Mr. 
Ronalds in 1818, in which, however, he reverted to frictional electricity 
for the actuating agent. At each corresponding blalion he had a revolving 
dial carried round by the seconds-hand of a elock« On this dial the lettera 
of the alphabet were marked, and they were seen in succession through • 
small aperture, near to which was sivtpendcd a pith-ball electrometer. 
The two dial^ were made to revolve exactly together, so that when a letter 
appeared at one aperture the same letter appeared also at the aperture on 
the corresponding dial. The pith-balls were maintained in a diverging 
condition during the transmission of a message ; and the instant that the 
letter required to be indicated came in sig^t at the transmitting station, 
the electricity sent through the communicating wire was discharged) and the 
collapse of the pith-balls directed the attention of the observer to it at the 
receiving station. In this manner communications could be triinsmitted 
with a single wire. The synchronous movement of the two clocks, U> en- 
sure the same letters appearing at the same time at each instrument, was 
obtained by adjusting them by an electric signal before each message. 
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Mr. Bonalds was vety poreeyering in his attempts to perleot liii tele^ 
Kraph, and to bring into notiioe the adyantagw of ekctricitj as a means 
of telegraphic oommTinication. He, at great expense, in-^iikted eii?ht tTiiles 
of wire in glass tulx s on the lawn of his house at Hatmnersinitli, through 
which the telegraph was worked. He endeavoured to direct the attention 
of the government to the subject ; but he met rebuff instead of encoonge^ 
ment. The goTenim«iit officials told him tiiat telegraphs anqfne%min 
time o/peoM, and that the semaphore answered all the required purposes ! 
It is iu this manner that attempts at improvement are generally received 
by persons in authority. They will not give themselves the tronhle to 
investi^jate the merits of any invention, but wait until it has struggled 
through h11 difficulties, and forces itself on their notice. Of the veiy 
many useful inyentions that are lost in the struggle irtiieh Inventors hsn 
to make^ little or nothing is known. In the case of Mr. Bonalds, finding 
his endeavours to be hopeless, he not long afterwards quitted England, 
and took no further steps to improve a system then considered by the 
government of so little value, but which is now, year hy year, becoming 
of more and more importance as nicaus of general communication. 

The discovery of electro-magnetism by Professor CErsted presented a 
new means of transmitting signals by Toltaic electrldty ; and in 1820 M. 
Ampere laid before the Academy of Sciences a method which lie had con- 
trived for sending messages by the d^eetion of magnetic needles sur- 
rounded by coils of wire ; his plan, however, required a separate wire for 
each symbol. 

The Baron de Schilhng made a great practical improvement on the 
plan of Ampdre. He first constructed, at St. Petersburgh, in 1832, a 
telegraph in whidi five magnetic needles were employed. By the single 
deflection of these five neemes alternately to the right or to the left, ten 

primary signals were obtained, without the necessity of two needles being 
used at the same time. The combination of a few such signals was made 
to express whole words or sentences. He also invented an alarum. The 
motion of one of the magnetic needles allowed a weight to fall, and sound 
«n iQarm. Another of Baxon Schilling's plans, of a later date, was to use 
only one magnetic needle; and by counting the deflections to the right or 
to tiie left, the letters of the alphabet were indicated.* 

Not long after the discovery of magneto-electricity by Professor Fara- 
day, Messrs. Gauss and Weber of Gottingen applied the niairficto-electric 
machine to the transmission of messages. They employed only a single 
needle to malce all the symbols, and a telegraph operating on that princi< 
pie was worked at Gottingen for a distance of a nule and a quarter. 

Dr. SteinheiPs telegraph, invented in 1837, presented great advance- 
ment in the application of electricity to telegraphic purposes. It is spoken 
of by Mr, Highton as a perfect arrangement, and as one which ''may well 
put to shame many of the plans afterwards i)atented iu this kingdom." 
Dr. Steinheil could either transmit messages by sound or by making per- 
manent marks on paper. This telegraph consisted of a single drcui)^ half 
of it bein^ galvajused wire, the other half the earth, and the stations be- 
tween which the telegraph worked were twelve miles apart. One or two 
magnetic needles were employed as required, and they were deflected bj 

• The Electric Telegraph, hy E. Highton. 
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magneto-deetriciijf. When it wm required to telegraph by sound, the 
needks fltmdt: against either of two bells differently toned When the 
nMNttgewM recorded, the needles nm foniialMd with nudl tabes faoli&ig 

ink, and by their motions dots "were made on paper properly moved in 
front of them by wound-up mecbajaiam, one needle making dots in one 
line, and the other needle making dots in a line underneath the former. 
Not more than four dots were required to make any of the letters, and 
some were maiked by a single dot The mode of recording on paper the 
messages transmitted by this means will be rendered more intelligible by 
the annexed representanon of the symbolical alphabet made by the pen- 
holding needles. 

ABDErGHCttSCaiKIi MJNT O PB. S TYW Z 

SS.SI* 

Before the year 1837 scarcely any attempt besides that of Mr. Roualda b 
bad been made in England to improve llio electric telegraph ; bat tbat 
year seems to mark the comnkoicemeat of the direction of inventive genins 

to the subject in this oouitry, which has since progressed most rapidly. 
In Juno 18?i7 the electric telegraphs of Mr. Alexander and of Mr. Davy 
were publicly exhibited in London. Tlie former operated by removing 
screens from before letters of the alpliabet. The letters were painted on a 
frame, and were concealed from sight by small tight screens attached to 
the magnetised needles, die deiectictt of whk^ WMa Uio Toltaic cuirent 
passed through the eoils, saoeessively ecqpose^ Ifca letters to view. Mr. 
Dayy's telegraph was constructed on iiic same principles, but the letters 
were painted on ground glass illuminated from l^ehind, consequently the 
letters were more distinguishable, ikjth these tclegraj)hs required a sepa- 
rate voltaic circuit for each symbol. It is, indeed, curious to notice in 
the progress <^ telegraphic inv^ation, that nofewitiistanding the impracti- 
cability of using a telegraph whidi required so great a number of wires!, 
notwitiistanding also that the mode of transmission by one or two wires bad 
been often pointed out, how resolut ly ench inventor in succession adhered 
to the appropriation of a separate wire for every symbol to be trausmitted. 

In 1637, Professor Wbcatstone, who, in conjunction with Mr. Cooke, 
succ^ded in establishing the first working electric telegraph, appeared in 
ilie field. The patent taken out by Messrs. Oooke and Wheatstone in 
1837 was for a needle telegraph, in which tlSd symbols were made with 
five needles. In the following year the arrangement was simplified so far 
as to re^l'K^e the number of needles to two. That arrangement of the 
double uccdio telegraph is the one that continues to be generally used in 
this country. ' 

It would occupy far too mndi space to give an aooonnt of all the modifi- 
cations and improvements in the modes of trsnsmitting messages that have 
been since introduced. Upwards of fifty patents for electric telegraphs 
have been obtained in England since the first of Messrs. Cooke and 
Wheatstone's, and numerous other similar inventions have been patented 
on the continent and in America ; but it M ill he snfficit'ut to Umit OUT no- 
tice to those tiiut pus^esfi the most distiii^imiLiug iealuies. 
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The needle telegraph is simply a deUcato gelvaaometer oonstracted of 
numerous coils of the finest copper wire covered witb silk. The monet- 
ised needle u placed upright, the lower end being slightly hearier, to make 

it assume a perpendicular position when in its normal state. There are 
two oblong coils of the fine wire connected together, between which the 
needle is poised. The object of employing two connected coils instead of 
• single one, is to allow the axis that carries the needle to pass between^ 




The diagram exhibits a perspective view of a mounted needle h. 
The axis is supported within the coil i k, so as to allow the needle to- 
vibrate with the least possible resistance from friction. The needle /* is 
fixed to the end of the axis, aud is outside the coil, to serve as an index to* 
denote the deflection ^ the needle. The poles of the outer needle are in a 
reversed position to those of the inner one, so that the magnetic action of 
the coil, when the coirent paseeSy tends to deflect them both in the saaie 
direction and with increased force. The index is, however, sometimes 
made of a light strip of wood, but by that means some of the power of the 
coil is lost. When the voltaic current is sent through the coils the needle 
is instantly deflectedr eithav to- the right or to- the left, according to the di- 
rection in which the cunent passes*; the connexions with the copper and 
the rinc ends of the battery being so arranged that they may be remsed 
on moving the working handle either to the riglit or to the left. 

The arrangements of the instrument to reverse the directions of the 
voltaic current are rather complicated ; but the jjriuciple on which they 
depend will be readily understood by inspection of fig. 83. The letters d £ 
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represent the oommunic^ing wire, in which there ui a break at Hie tmuh 
mitting Btation. dose to this break la placed a morable pieoe b d, that 
slidea 4ateraUy, and it is connected with the two poles gz of the vtdtaie 
battery. The upright wires at b d, each connected with the zinc pole z, arc 

insulated from the wire e, which is connected with the copper pole c. It 
will be evident, therefore, that if the piece to which these wires are attached 
be shifted towards the right, the wire « will touch the communicating wire 
at and 5 will touch b. By these contaete inth the two ends of the com- 
municating wnre^ the circuit of the voltaic battery will be»completed, and 
an electric current will be transmitted from e to in the direction of t^e 
arrow, to the earth-plate h, thence to the recdving aiation, and back again, 
through the instrument i, to the 

zinc pole .z. The lateral move- i j J b 

ment of the wires connected with 1 g [Jj^ 

the battery to the left will, in the 
like manner, bring e, which is in 

connection with the copper pole, 
to E, and d of the zinc pole to d, 
and the current will then be sent 
in the opposite direction, viz. from 
the copper pole of the battery to 
Ihrough the instrum^t i to 
the leceiTing atation ; and it will 
return by the earth-plate H to the 
zinc end of the battery By rapi^^^Iy chang^ing the positions fof the wires 
from side to side, the voltaic current may be thus reversed several times in 
one second^ ;aud each reversal of the current will change the direction in 
which the needle is deflected. 

By the adoption of what is called a code of signals, the deflections of a 
single needle may be made to denote all the letters of the alphabet. The 
code at present in iipe in this country for a single needle-telcgrnph is shewn 
in the annexed diagram ; the number of deflections of the in < die to the 
right and left being made to indicate the letters under which the marks are 
placed. The deflections -of the aymbda for eaoh letter cornmence in the 
direction of the short .marks, and end with the long ones. Thus it will be 
seen, that to indicate the letter d the needle is first deflected once to tiie 
ridit and then once to the left; whilst two deflections, beginning with ono 
to the left and cndinnr ^ith enc to the rights signify the letter B. 

It will be obbervcd that all 




flff.88. 



the symbols in the left division ■ -A. Ji C 
of the scale commence with a \ \^ W \^ 
right-hand deflection and end 
with the left; whilst those on the 
right division commence with the 
left and end with a deflection to 
the right. When the double 
needlcttelegraph is used, ,the 
number of succeasiTe defleetieQa 
requisite to denote all the letters 
of the alphabet are fewer, because, 
with .two needles capable of i)(fiing 
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ponied in 1)otit dirMtioiiSy six primary symbols we obliiiMd by a eomM- 
nation of the deflections of the two needl!^ 

A praetml knowledge of the -woiking of the needle instruments is 
generally acquired within a montli. Some of the telegraph clerks have 
become so expert by continued practice, that they can transmit bs many 
- as loO letters a minute with the double needle instrument. It is, howev^, 
much more difficult to read the symbols tiian to transmit them ; and as 
Hie menages must be written down, the rapidity of tnuumianon is prao- 
tically limited to the speed of writing, which seldom exceeds 100 letters a 
mmute, and that is considerably faster than the ayerage rate of transmission. 

In the early stages of the progress of the electric telegraph it was con- 
sidered very important to have the means of calling attention when a mes- 
sage was. to be transmitted, and there were many contrivances for ring- 
ing beUfl at the distant stations. The nse of alarums hatiy however, heoi 
dkioontinned at neaily all the stations of llie Eleelrio Telegraph Company. 
The sound of the needles striking against the pins fixed in the dial to limit 
the range of the deflections is generally sufficient to call the attention of 
the derks, who are constantlv seated near their instruments. When ala- 
nuns are required, bells are sounded by liberating a wound-up mechanism 
by withdrawing a detent by means of an electro-magnet. 

Eig. S6 repreaente a front yiew of a doable ne^e instroment. The 
handles are held by the clerks, and by moving one or both to the right or 
to the left one or both oi the needles aie oomspondingly deflected. In 
transmitting messages in this manner it is customary for the clerk at the 
receiving instrument to intimate at the end of each word that he under- 
stands, by giving a single 
defleotlon of liie left-himd 
needle to the right; when 
he does not understand, and 
requires the word to be re- 
peated, be deflects the same 
needle to the left. 

There have been many 
patente obtained for modifi- 
cations of the needle tele- 
graph ; but they are all 
identical in principle with 
the original one of Messrs. 
Cooke and Wheatstone. One 
of the objecto that it has 
been the endesvoor to at- 
tain, is a dead beat of the 
needle without any vibration. 
It is now the practice to use a piece of lozenge-shaped magnetised steel 
instead of a needle within the coil, that form having been foimd to be more 
sensitive to the action of the voltaic current, and to produce less vibration. 

One anangement of the needle telegraph, quite distinot from the fore- 
going, is the magneto-electrie telegraph invented by Mr. Henley. We 
have already noticed several attempts to apply magneto-electricity to tele- 
graphic purposes, but that of Mr. Henley is by far the most successful. 
Two armature^ in dose proximity to strong permanent magnets, aie made 
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to revolve rapidly by striking down projecting levers; and the revolutions 
of ih» annatoreB indaoe eorrenta of eleetrid^ along the commmiioatmg 
wires, that re-sel on the magnetic needlea, and cause them to be instaiitly 

deflected. 

The electricity p^enerfited in this manner is pmnll in quantity, and of 
comparatively great intensity, therefore more liable to be diverted from 
the circuit by imperfect insulation. Auotiier difficulty which this form of 
telegraph has to contend vith 1% tliaft the eorrent cannot be conveniently 
xermedy iliertfnre eadi needle b only deflected in one diieefclon. Two 
communicating wires are consequently required to obtcun the same com- 
bination of deflections that can be given with a single wire when a voltaic 
enrreut is transmitted. It is a great aclvantage of this system that it dis- 
penses with the use of voltaic batteries, which are very troublesome and 
expensive ; and it remains a question to be determined by practical expe- 
lience^ whether tide advantage is soffieieiit to counterbalanoe the objectioiia 
attending the nee of the magneto-eleetzic telegraph. 

The electric telegraph used on all the telegnpli lines in France wis 
invented by M. Bregnet, and transmits sjTiibols resembling those of the 
semaphore. Two movable arms attachcfl to the top^ of two stationary 
vertical pillars are made to assimie j)ositiou8 at cert;iin iin^;les in the cir- 
cles they describe, and the combinations of those Uiileicnt posiLiuuij in 
the two arme allow of tiieir ezpreesing a great Tariety of ^ymbds, which 
correspond exactly with the code of the discarded semaphom 

We httve heard this kind of signal telegraph hig^y commended, and 
have seen messages that were trfttismittetl hy it at the rate of 120 letters 
a minute. It possesses the advantage, from the great variety of com- 
binations of which it is capable, of nut requiring successive actions to in- 
dicate any letter of the alphabet or numeral. The movements are eflected 
by electro-magnets, which give rotary motion to wheels that cany round 
the arms; and the accuracy with which it is neceflsaxy that the eemajihore 
should be pointed to the required angles renders very nice wynsbnent of 
the instraments indispensable. 



CHAPTER XX. 
xLBCSBic TBLBORiLFHS— BBooBDiiro nrsTRUinaras. 

Horse's telegraph — Moditication of it by the Electric Telegraph Companj' — Bain's dot* 
ting telegmpb— BwCt'S printing telegraph — Copying telegraph — Mode of tnoUBBl^ 
tiag copies of writing— Regulation of tiio ioitnuBeato— Bapidkj «f Cho tapfhg pn~ 
cm M eaaa of mahitriirfag lacnqr. 

The telegraphic instruments we are now about to describe record on 
paper the messages they transmit ; in other telegraphs the symbols are 
exldbited Ibr an mstaat and disa^^pear. Many move cnrcn oocnr in xeed- 
ing the e?anescent signals than m the transmission of tbem ; baft as the 
recording instruments impress what is transmittedi the message mi^ he 
read at leiswe when the whole is completed. 
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We hm already notieed, in the progress of telegraphic inventioii, tfad 

recording telegraph of Dr. Stemheil, which made dots on paper hy means 
of ink-holders fixed to magnetic needles. That plan, though it has formed 

tlip model of several subaequpnt inventions, war im perfect, because the 
deflections of the needles were retarded by the weight of the pens, and the 
marks made were not sufficiently distinct. 

The most suceessful of the instruments that impress arbitrary symbols 
on paper ia that of I^rofeasor Mono of America, invented in 1837» and 
since considerably improved. The transmitting part of the instrument is 
of the very simplest kind, and might be carrieil In the waistcoat-pocket. 
It consists only of a key, like the key of a musical instrument, which, on 
being pressed down, makes connexion with the voltaic battery for a 
shorter or longer duration, according to the time that the finger of the 
operator is pr(»sed upon it. The receiving instrmnent is more compli- 
cated. By means of clock mechanism, a small drum, round which a long 
strip or ribbon of papw is rolled, is made to revolve. The paper as it ia 
nnrolled from the drum passes under « lever attached to the kef^per of an 
electro-magnet, armed with a projecting point. When the electro-mag- 
net is put into action, the lever is drawn down on the paper, and the 
point makes an indentation on it. As the paper is continually drawn 
along, the length of the indentation yariea from a mere dot to a long 
stroke, according to the time that the lever continues to be pressed against 
the paper; and by varying the duration of the pressure on the trans- 
mitting key, dots and strokes arc impressed on the paper at the receiving 
station. Conventional symbolical alphabets have been arranored, by the 
alternation of the dots and strokes, which, with a little practice, may be 
easily read. The symbolical alphabet that has been adopted in this eoim> 
try, when a modification of Hone's system is used, is represented in 
figure 86. 



TUT ir :x X as 



As the mechanical power leqmred to impress marks on the paper is 
stronger than could well be transmitted directly through the long circuit, 
a local voltaic battery and maf:pict are employed to do the work; and they 
are broii'rht into action by means of a small electro-magnet; surrounded 
by a great nuuiber of convolutions of very fine wire, that may be actuated 
by the feeble current transmitted by the communicating wire. This kind 
of telegra]^ is eztenriTely used in tiie United States, and it is also coming 
into use in Belgium and Qermany. 

In the modification of Professor Morse's instrumeBts, as occasionally 
used by the Electric Telegraph Company, the marks , on the paper are 
made by the agency of electro-chemical decomposition, and not by mecha- 
nical pressure. The application of electro-chemical decomposition to 
telegraphic purposes was first adopted by Mr. Davy in 1838. His plan 
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"was to moisten paper in a diluted solution of nitric acid and prussiate of 
potasi^, and to send a voltaic curreut from the positive pole of the batteiy 
through a steel wire pressing on the paper. By the action of electricity 
the oxygen of the acid attacks the steel wire, and a deposition of iron is 
made on the paper, and it la converted into pnissian blue by ^e prussiate 
of potass, libit arrangements of Mr. Davy*s recording telegraph need not 
be described, as they were never made practically available ; but his system 
of niarkiu^' paper hy electio-chemioal agency hia been succeBsfolly applied 
to other telegra])hs. 

In 1846, Mr. Bain contrived a modification of Professor MblBe's ayftenii 
In whidi tbe marks are made bj Mr. Davy's prooeas. The tnmamiadoii of 
aymbola in thia telegraph of Mr. Bain*8- is not effected by a key moved by 
hand, but metallic contact is mada and broken by mechanical means. 
Apertures are punched in a strip of paper, to correspond with the dots and 
strokes intended to be impressed on the paper of the receiving instrument. 
The paper-message when thus prepared is passed rapidly over the peri- 
phery of a metal wheel, and a brass wire-spring, connected with a voltaic 
battery, presses on the paper. as it passea along. The spring, by pressing 
through the hole^ touches the woeel, which is connected with the other 
pole of the battery, and thus completes the voltaic drcuit, which is again 
broken when the spring rests on the insulating paper. ^Mr. Davy's pre- 
pared paper is applied at the receiving station, and the effect of the action 
of the two corresponding instruments is to transmit dots and strokes, 
marked in proaBian blue on the paper at the rec^ving station, agreeing 
with the smaller and laq^r holes punched in the strip passed through the 
transmitting instrument The annexed diagram represents a jueoe of the 
punched paper with the sjmbols of the word " jBain." 
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The rapidity of transmission by this means exceeds that of any other 

telegraph. As many as 1000 letters a miiiute have been transmitted from 
London to Manch^tor; but the time required for punching tbe papw 
preparatory to sending a message is a serious drawba<^ to the g^eral use 

of the system. 

The Electric Telegraph Company, when they employ any otlier instru- 
ment than the needle^ use that of mfessor Morse, with the substitirdoii of 
electro-chemical marks for those produced by mechanical pressure. The 
rate at which messages can be transmitted by means of the key with a 
single communicating wire is about ninety letters a minute. The transmis- 
sion, however, requires the iitTnost attention on the part of the operator, 
who cannot continue to transmit at that rate for many minutes at a time. 

Among the early inventions of recording telegraphs were some that 
printed letters from metal typea. Fkofessor Wheatstone and Mr. Bain dis- 
puted for tbe honour of being the inrentor of the first printing electric 
telegraph ; but their instruments did not attain such a degree of perfection 

ir 



Digitizec uy google 



170 



THE APPLICATIONS OP ELECTBICITY. 



w to render them practic^y useful. Mr. House of America, and subse- 
quently Mr. Brett, hnvc, hfnvevf^r, succeeded in producing printing- tele- 
graphs which work eticctively thriiUL;h long circuits. The mechanism is 
complicated, hut the principle ou vr liich the action depends may be easily 
understood. A small wheel, that revolves hy the agency of electro- mag- 
netiBin, carries on its drcumferenee metal tjrpes of eacli letter of the 
alphabet^ which are inked as the wheel turns round by rubbing on the 
fliur&ce of a small inking roller. At one part of the circumference of the 
type-v'hf^cl there i" a ribbon of paper close to the t}'pcs, and hy the pres- 
sure of tlie paper against the wheel the letter that is opposite to it is 
printed. The movement of the type-wheel ia regulated hy the operator 
at the transmitting instrument, who, by bringing an index to point on the 
dial of his instrument to the letter required, it at the same time causes the 
iype^wheel to move round, so as to hrii^ a ctnresponding letter opposite 
the paper. A local electro-magnet is then'put in action ; by which means the 
drum on which the paper rests is pressed ai^ainst the type, and the letter 
is printed. As each letter is thus printed, the strip of paper is moTed 
onward about a quarter of an inch, to leave a clear space for the next. 

The action of thejprinting telegraph is rather alow; but it is worked 
with a single wire. We have not seen it worldn0 &8ter than at the rate 
of forty letters a minute; hnt we are informed tnat it can print upwards 
of sixty letters in that time. One peculiar advantage of Mr. Brett's 
arranp^ement is, that the type-wheel is placed in correct position at the 
end of each transmission ; so that if by mistake an error is committed, 
by printing one letter instead of another, that error is not continued 
to iSie next letter, for the type-wheel is adjusted to start firom lero be- 
fore the next movement of the index. All preceding printing tele- 
graphs were liable to perpetuate errors whenerer a single one haS heoi 
committed. 

The coppnj^-telegi-aph, of which the author of this work is the in- 
ventor, transmits copies of the handwriting of correspondents. The 
advantages of this mode of transmission are, that the communications 
may he authenticated by the recognised signatures of the p^urties by whom 
, they are sent, and as the writing received is traced from the origmal 
message, there can be no errors of transmission; for every letter and 
mark made with the pen are transferred exactly to the other instru- 
ment, however distant. 

The electro-chemical mode of marking the paper, invented hy Mr. 
Davy, ia adopted in the copying proce^. The writing is copied on paper 
soaked in a solution of prussiate of potass and muriatic acid, a piece of 
steel wire serving for the pen. The paper is placed round a cylinder 
about six inches in diameter, and a steel wire, connected with the copper 
end of the voltaic battery, presses upon it, and carried slowly along by 
a screw as the cylinder revolves. By this arrangement, when the voltaic 
current passes uninterruptedly from the wire through the paper to the 
cylinder which is connected with the rinc end of the battery, lines are 
dirawn upon it at the same distance apart as the threads of the screw that 
carry the point. These lines are in fact but one continuous epial line^ 
commencing at one end of the cylinder and ending at the other. 

The f^ommunication to be transmitted is written on tin-foil, with a 
pen dipped in varnish. Thin sealing-wax varnish, made by dissolving 
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80aling-waz i& spirits of wine^ answers the purpose bes^ as it dries reiy 
quidd^. The letters thus written form on the cmidiieting metal snrfoce a 
number of non-conduoting maiks, soffioient to interrupt the electric current, 
though the deposit of reainoita matter is so slight «b not to be perceptO>ld 

1^ the touch. 

The message on tin-foil is fixed round a cylinder at the transmitting 
instrument, which Instrument is a counterpart in its mechanical arrange- 
ments of the receiTing one, and either of them may be used to transmit 
and reoeiTe messages. A metal style in connexion widi the voltaic battery 
presses on the tin-foil, and it is carried along by an endless screw as the 
cylinder revolves, exactly in the same manner as the steel wire tliat draws 
lines on the paper on the receiving instrument. The varnish writing, 
when it interposes between the style and the tin-foil, stops the electric 
current ; consequently, at every part where the electric current is stopped 
by the varnish at one instrament, the steel wire ceases to make marics on 
the papor at the other station. Both instruments are so regulated that 
the cylinders rotate exactly together, therefore the successive breaks of 
the electric current by the varnish-letters cause corresponding gaps to he 
made in the lines on the paper; and the succession of these lines, with 
their successive gaps where the letters occur, produces on the paper of the 
receiving inatroment the exact forms of the letters. The letters appear of 
jk white or pale colour on a ground of blue lineSi Ihere being about nine or 
ten lines drawn by the wire to make one line of writing. In the diagram, 
A shews the writing on tin-foil, from which the copy is made in the form 
ishewn at b. 




flf.8S. 

It is essential to the correct workin<:^ of the instruments that the cylin- 
ders should rotate exactly together. This synchronous movement of the 
two instruments is ^eeted 1^ means of regulating ctectro-magnets, aided 
by a guide-line" on the transmitting cylinder. 

The moving power of each instrument is gravity accdmied motion 
being prevented by a rapidly revolving fan, which produec? n very steady 
movement of the cylmfler. The speed may thus be very easily v u ied by 
adding or by taking off weight. The " guide-line" consists simply of a 
strip of paper pasted across the tin-foil at a right angle, as shewn at c. That 
strip of paper effectually stops the electric current, and leaves a gap of equal 
breadth in eacli line drawn on the prepared paper of the receiving instru- 
ment. If the receiving instrument be moving at exactly the same speed 
as the transmitting onc^ these gaps in each lii^ will be in the same relative 
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positions, and will UXL under each othw on the receiving cylinder, makiiig 
a broad white stripe corresponding with the strip of paper on the trans^ 

iiiittiiit,' cylin(l< r. But if the receiving cylinder be moving faster than the 
otlier, the gai)8 in tlie lines will not fall under one another, but every one 
will be farther towarda the right hand. By noticing the position of these 
gaps on the paper, it may be seen exactly how much faster one inatnimmt 
is going than the other, and weight may be taken off the receiving instru- 
ment until the gape form a continuous stripe. In this manner the two 
instruments may be regulated to move together. It is immaterial at what 
distance apart they arc ; for if they be in the same room, or two hundred 
miles from each other, the same plan of adjuBtraeut must be adojjtetl. 

{Supposing the mechanism of the instruments to be very good, and that 
there were no irregularities on the surfaces of the cylinders, the plan of 
regulating by means of the guide-line idone would be sufficient for the 
copying process. Legible writing may, indeed, be obtained in that manner, 
but not with sufficient accuracy and certainty to be depended on in ordi- 
nary working operations. To secure the retjuisite degree of accuracy and 
certainty, an electro-magnetic regulator is used. This may be brought into 
action by means of a second communicating wire, or by local action alto- 
gether ; in the latter case a single wire only is required to work the copy- 
ing telegraph. When two wires are employed, one of them is used for the 
electro-magnet that regulates the instiniments, the other for transmitting 
the current that marks the paper by electro-chemical decom]>osUion. The 
diagram will assist in explaining the mode of regulating the instruments 
when a separate wire is used for that piurpose. 




flg. 89. 



A side view only of the two instruments is given, without their stands 
or other mechanism than that which aj)pears on the outside of each ; the 
trains of wheels propelled by the weights being contained within the 
cheeks A A and bb, and the eylindeis being on the opposite sides. The 
wheel D is fixed to the projectmg arbor of a Isst-moving wheel next to the 
£m, and it makes twelve revolutions to one of tiie cyluKl^. Two springs 
6 e, insulated from the Instruments by being mounted on wood, are con- 
nected by wires c z to the voltaic battery, and to the electro-magnet m on 
the other instrument. The other end of the coil of wire round the electro- 
magnet is fixed to the voltaic battery, so that when the two springs e e 
.touchy the drcait of the battery is eompletecl, and tibe eleobro-magnet is 
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instantly brought into action. This occurs once every revolution of the 
wheel D, by the projecting part £^ pressing the two springs together. The 
wheel X en ibe nis&ameiit a is fixed to tiie aroor of a wlied eoire* 
sponding with that of and likewise makes twelve rerohitioiis to one 
revolution of the cylinder. 

The keeper k of the electro-magnet has an arm or lever L added to it, 
which reaches to the circumference of the wheel e, and, when the keeper is 
attracted by the magnet, rubs against a projecting part of the circum- 
feience O, and thus operates as a break to check the motion of the instru- 
ment. Li regulating the instruments to rotate synchronously by these 
means, a heavier weight is put on A than on B, to oaiose it to rotate consi- 
derably faster than the other when the break is not applied. But when 
both instruments nre set in motion, the lever being pulled down each time 
that the springs are pressed together by the wheel D, the break is thus put 
in operation just suthciently to make the movements of the two instru- 
ments oorrespond. By this arrangement it wiD be observed that one 
instrument regulates the other; and it has it under such complete eontvoly 
that if the speed of b be diminished, the movement of A will be retarded by 
the longer continued action of the break, and be made to rotote equally 
slowly, and even to stop by stopping the motion of b. 

When the instruments are worked at a distance from each other, the 
electro-magnet m is put into action by a local battery, and the contact is 
made and ^ken by an intermediate small electro-magnet, as in Mr. Moise's 
telegraph. In that manner the copying telegraph has transmitted messages 
witii perfect accuracy from Bri^rhton to London. 

When a single communicating wire only is used, the instruments are 
regulated independently of each other by means of pendulums. Clock- 
movements, with penduJums that beat four times in a second, are emplojj^ed 
ait each instrument These pendnlnms al every vibration stHke against 
springs, at eadi contact with whidb the electro-magneto which regulate the 
instrmnento are brought into action. 

The arrangement of the mode of making and breaking contact by the 
pendulum will be easily understood by the diagram. The pendulum d is 
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connected by the wire c to the electro-magnet m. The springs 8 ti are con- 
nected -wiA the Tolteic 1)atteiy from which a wire z connects with the 
other end of the coil of the electro-magnet. It will be evident, thereforej, 
that when the rod of the pendulum vibrates against a 8\ the voltaic circuit 
is completed through the magnet which is brought into action in regulat- 
ing the instruments as rapidly as the pendulum beats. Eacli instrument 
has its regulating magnet and pendulum, and the regulation oi' each is 
tlnu effected independently, wi&out requiring a second wire. 

The guide-line eenres to indicate with the greatest accmaey whether 
the pendulums at two corresponding stations are beating togetiier \ for if 
one be vibrating faster than the other, the guide-line on the paper will be 
slanting instead of perpendicular ; and by means of an adjusting screw to 
raise or lower the pendulum-bob, the two may be readily adjusted to beat 
together. In this manuer a variation of eveu the thousandth part of a 
second may be observed and corrected. 

It may probably be sapposed, because the metal style has to pass over 
each line of writing nine or ten times to complete it, that the copying 
proce'^s must be necessarily slow ; but it is, on the contrary, the quickest 
mode of transmission yet invented, with the exception of Mr. 13ain's. A 
cylinder six inches in diameter will hold a length of paper on which one 
hundred letters of the alphabet may be written in a line. IVhen the 
instruments are working at their ordinary speed, the cylinder revolves, 
thirty times in a minnte ; and allowing ten revolutions to complete each, 
line of writing, the rate of transmission is three hundred letters in a 
minute. Much greater speed tlian. that has been obtained ; and there is, 
indeed, no limit to the rapidity of transmission other than the diminishing 
strength of the mark ou the paper when the decomposition is extended 
over a larger surface. * 

One of the advantages whidi the copying process also possesses is the 
meuis it affords of maintaining the seerecj of coirsspondence. It is now 
customary for those who wish their commimications not to be known tO' 
transmit messages in cypher, by which certain letters or figures have sig- 
nifications given to them which are only intelligible to the parties corre- 
sponding. This plan has the serious disadvantage of being very liable ta 
enot, becaiHie the clerks engaged in transmitting such a message are pur- 
posely kept in ignorance of the meaning of the symbols they transmit. By 
the copying telegraph whatever symbols are made on the tin-foil are trans- 
mitted as accurately as if writtpn in full, for no manipulation whatever is- 
required, the effect being produced ;i1togpther by mechanism. 

There is also a special mode oi mamtaining secrecy by transmitting 
the messages impressed on the paper invisibly. If the paper be moistened 
with diluted acid alone, the iron is deposited on the paper, but no mark 
whatever is visible, and the paper remains blank until it is brushed over 
with a solutioTT of prussiate of potash, which instantly renders it legible. 
In this manrier messages written with colourless varnish may be trans- 
mitted without any one seeing the contents ; that part where the name 
and address are written being alone rendered legible till the message is- 
delivered to the person for whom it is intended. 

The author trusts he shall be excosed for having described thus fully 
' his invention of the copying telegraph. It is very probable that he 
attaches more importance to it than those not so specially inter^ted may 
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think that it desetres; but he has received the assurance of some scientiiic 
peutlemen who have been the longest and the moat suooesBfuUy engaged 
in mtoh undertakings, that the copying of writing is the hmMeal of tele- 
graphic communication, and that sooner or later it miutsupetsede all other 
means of corresponding by electric telegraph. 



CHAPTER XXI. 

BLECTBO-IEETALLUBOY. 

CompeUng claims to the discovery — DeposiUon of medals £rom their solutions — Its de- 
pmdcnce on aeoondacy feaulti— Apparent anomaly of depodtum hi a liqgle odl— 
Ponnalaoa of mottlds—Copyiag medals — BedttpUeation of copper-pJateengmfiiigs 
^^lyphogiapliy— Eleetn^plating and gilding. 

The important apjiiication of electricity to working in metals is of even 
more recent date than ihe invention of the electric telegraph. The &ct 
that metals could he "revived** from their solutions by means of electricity 
waS) indeed, known at the beginning of ^ present century. In 1805 
Brugnatelli gilded n \nv^e silver medal by connecting it with the negative 
pole of a voltaic battery, and then immersing it in a solution of ammo- 
niuret of gold ; but, skange as we now think it, the practical use to 
which this peculiar action of electricity might be applied did not occur to 
him. Mr. Spencer of Liverpool daima to be the first who discovered that 
the deposition of metals by electrical a|;ency might be rendered useful in 
the arts. He states, that when experimenting in 1837 with a Daniell*s 
battery, he used a penny instead of a plain piece of copper for a pole ; and 
that on removing the wire which connected the penny with tho battery, 
he pulled off a portion of the deposited copper, which he found to be im- 
pressed with a counterpart of the head and letters of the coin. Even this 
did not suggest to Mr. Spencer any usefol application, until he accident- 
ally dropped some varnish on a piece of copper similarly connected with 
the negative pole, and he observed that no deposition of cf>p]>er took place 
on those parts covered by the varnish. It then occurred to him that by 
covering a sheet of copper with varnish or wax, and cutting a design 
through it so as to lay hate the metal, the copper would be deposited from 
the station of sulphate of copper in the lines of the design cut through 
the wax, and would adhere to the siir&oe of the plate^ producing the figine 
in relief. 

The statement of the experiments by Mr. Spencer was not made 
known until I S.'^O, after Professor Jacobi of St. Petersburgh was announced 
to have made a simiiar discovery. Indeed, before the account of Mr. 
Spencer's experiments was published, a letter from Mr. Jordan, a printer, 
appeared in the Meduinkr Magctzim of May 11th, 1839, describing a 
mdhod of producmg copper easts by what is now known as the electro- 
typc prooecs. It appears, therefore, that though Mr. Spencer was the first 
discoverer, the earliest published notice referred to the discovery of Jacobi, 
whilst the letter of Mr. Jordan contained the first explanation of the mode 
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by which the eifecte may be produced. It was not, however, till the 
autumn of the same year, when Mr. Spencer brought the subject before 
tiie Britidi AflsoSation for tiie A.dfaiieeiiieiit of Sdenee, and exhibited 
numeioiui Bpecimeni of electroiype castB and dengni, that the attention of 

the public was directed to this application of electric force. 

It is well observed by ?i[r. Napier, in liis excellent treatise on electro- 
metallurgy, to which we are much indebted, " In reviewinj^ the rise and 
progress of any discovery in the arts and sciences, particularly of one con- 
nected with chemistry, there are two circumstances which almost invariably 
demand especial notice. The first is, that the diacoreiy has been the resolt 
of accidental obaervation rather than the result of a direct endeavour to 
make the discovery. The second is, that after the discovery has been made 
known, it is found that many previously published experiments exhibited 
results which bore more or less directly upon the subsequent discovery, 
and which are consequently sometimes cited to detract from the merit of 
the discoverer, and 'ftt^e^originality and valne of his discovery.** These 
remarks apply with special force to the alt of electro-metallurgy. It is to 
Mt» Spencer, however, that we are inclined to award the honour of the 
discover}', and the merit of having brought it into practical operation in 
this country. 

The deposition of metals in the process of electro-metallurgy has been 
previously explained to be the result of secondary action, arising primarily 
.vom .the decomposition tdT water in the fluid menstnram. 




flff.Sl. 

Let 6 be a vessel containing a saturated solution of sulphate of copper 
(blue vitriol), with three circular medals immersed in it and connected 
with the voltaic battery a by the wires c d, from the copper and zinc plates 
reipecttvely. An eleetrie corveitt will fimS be e^Uidied from d, whidi 
is m connexion with the copper of the batteij, to and the oxygen of 
the fluid decomposed will be liberated on the surfiue of the copper plate 
e, to whicli it is attached, and the hydrogen on the medals. But the nas- 
cent hydrogen, the instant that it is lilaerated from its association with 
oxygen in the fluid, and before it can assume a gaseous form, combines 
with the oxygen that holds the copper in solution, and with it constitutes 
another particle of water, and the copper is deposited on the medals. 

The deposition of the metal from its solution is the result of a variety 
of rather complicated chemical actions. The strong affinity of oiqrgen for 
the hydrogen, with which it was combined to form water, is first overcome 
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by the influence of the electric force. The oxygen, liberated at tlie plate 
e, immediately enters into combination with the sulphur in the solution 
to form a frsdi particle of sulplmrio acid ; the hydrogen, freed from its 
combination vith oxygen, is transferred to the medals, and ita affinity for 
cixjgefa. being greater than that subdsting between tiie oxygen and the 
Cfupyer held in solution, tht^ liy(!rf><j:en re-enters into combination with 
oxygen and forms a fresh particle oi water, whilst the copper is set free in 
its metallic state and is deposited. In all the processes of electro- 
metallurgy, -vdiether they consist in the depositions of copper or of other 
metals from their solutions, the same chemical actions and reactions take 
place ; the hydrogen in every case effects the deposition of the metal by 
combining with the oxygen which holds the metal in solution at 'One polo 
of the battery, after having been separated from an equal particle of oxy- 
gen at the positive pole. There is, consequently, throufrhout the process 
a continual decomposition of water at one pole of the voltaic battery, and 
a recomposition of exactly the same quantity of "ffster at the other pole. 

One of the amplest illnstrations of metallic depo- 
sition by eleetro-cnemical action is afforded by the 
folio winf,' experiment. Put a silver spoon A, fig. 92, 
into a glass containing a solution of sulphate of copper, 
and into the same glass insert a piece of zinc z. No 
change will take place in either metal so long as they 
are kept apart, but as soon as thev touch, copper 
will be deposited on tiie spoon, and if it be allowed to 
remaixk, the part immersed will be completely coated 
with copper, whii li \\ ill adhere so firmly that mere 
rubbing alone v. ill not remove it. The same effect 
takes placC; if iii«tead of bringing the metals into 
contact in the solution, they are connected externally ng. n. 

by the wire e. 

The foregoing experiment represents the electrotype process as earned 
on in a single cell, the metal surface whereon the copper is deposited then 
forming the conducting plate of the voltaic arrangement by which the 
electricity is generated. It must l e observed that, in this single ( (11 ar- 
rangement, the deposition takes place on the conducting plate ; whereas, 
when the operation is conducted in a separate odl, it is on the plate con- 
nected with the sine that the deposition occurs. In order to explain this 
apparent anomaly, let it be remembered that the metal is always deposited 
from its solution on the surface into which the electric current enters, and 
that that is the negative pole of the battery. The electricity excited by 
the zinc pns^^es tl^rough the fluid and enters into the conducting plate ; 
therefore, when the deposition takes place in the same cell, the metal is 
deposited on that surfiikce ; but when the electric current is transmitted 
through a wire into a sepsrate cell, it then prooeedB,^w» the conducting 
plate, that wire becomes the positive pole of the battery, and when intro- 
duced into the decomposing cell, the electric cmrent passes from it to the 
metal surface connected with the other, or negative pole, on which accord- 
ingly the deposit t^ikes place. 

Having, we trust, made the rationale of the electrotype process intelli- 
gible, it is only necessary to give a genersl applanation of the modes of 
operating. Those who desire to pursue the art praotieaUy wOl do well to 
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conf^iilt the able and compendious treatises on tbis aubjeet by Mr. Napier, 

Mr. Smec, and by Mr. C. V. Walker. 

The fii-st application of the electrotype process was to copying ancient 
coins and meUak, and that continues to be the principal use to which it ia 
ap^)lied by amateurs. To obtain a fac-simile of a medal, it is necessary m 
the first place to make a mould, to serve as a matrix for the copper to be 
deposited upon. This may be done, when circumstances will permit, by 
obtaining an electrotype directly from the surface of the medal. To do 
this, the surface whereon the deposition is to take place must be well 
cleanedj and afterwards smeared over with a minute quantity of sweet oil 
or with black lead, which is requisite to prevent the deposited copper fipom 
adhering. The thinnesi posdble film of oil should be allowed to remain^ 
and even alter the medal has been rubbed with dry cotton-wool, sufficient 
will adhere to effect separation from the deposit. It is evident that only 

one face of the medal can be copied at a time, therefore 
the side not to be operated on must be protected by a 
covering of wax. The preparation of the medal is com- 
pleted by twisting a fine wire round the edge for the 
purpose of suspending it in the copper solution, and of 
connecting it with a piece of amalgamated zinc. 

The decomposing apparatus may consist of a large 
preserve jar, tig. 0'?, to hold the solution of sulphate of 
copper, and a porous vessel c placed within the jar to 
contain the zinc. Fill the porous vessel to within a few 
inches of the top with a mixture of sulphuric acid and 
Avater, in the proportion of one of acid to twenty-four of 
water, taking care that the solution in the jar and the 
acidulated water in the porous vessel arc nearly on the 
same level. The medal e suspended by the wire is then 
immersed in the jar, and is connected with the zinc in 
ihe porous vessel by the wire a 6, as shewn in the diagram. 

This arrangonent may be considered as equivalent to a single cell of a 
Darnell's battery, in which the medal represents the conducting plate. 
The electric action is established as soon as the zinc and the copper are 
immersed ; the deposition of the copper on the medal immediately begins, 
and it is continued as long as the action is maintained. In twenty-four 
hours the deposited copper will be about the thickn^s of a card, which is 
quite sufficient. This coating of copper may be easily separated from the 
medal, and will be found to present an exact counterpart of it, those parts 
in relief on the medal being of course presented as sunk in. The mould 
thus formed is to be treated exactly as the medal, and the copper will be 
deposited in it, so that when removed the electrotype will be a fac-simile 
of the medal, with the intaglio uud relief corres|>ondiug with the originaL 
A mould of this kind wiU, with car^ serve to take many copies. 

A mould made by depositing the copper on the surface is more sharp 
in its details than moulds taken by other means ; but in many cases, espe- 
cially with ancient coins, the surfiices cannot be cleaned so as to allow of 
this mode being adopted, and other means of making the moulds inii^t be 
found. One of the best plans is to make a cast of the original in fusible 
metaL A strip of tin is bound round the edge of the coin, about a quar- 
ter of an inch higher than the highest part The metal is melted and 
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poured into a small wooden tray, and when cooled into a seiui-iiuici state, 
the coin is suddenly pressed upon it and held down till the metal "sets.** 
The fusible metal is made by melting and mixing together tin, lead, and 
hismutb, in the proportions of two of the latter to one each of the former 
metals. This alloy melts at a temperature below tliat of boiUng water, 
therefore it aifords rrroat fivcility for removing the moulds from the depoeits 
in case they should adhere. 

Wax, plaster of Paris, and gatta-percha, are frequently employed for 
making moulds, eq[ieciaUy for lai^e objects. When such snhstanoes form 
the moulds, it is necessary to cover their surfaces with hlaek-lead, bronze* 
powder, or other conductors of electricity. The discovery that plumbago 
will impart a sufficiently good conducting surface to objects that are 
otherwise incapable of receiving metallic deposits, has afforded great faci- 
lity in extending the electrotype process, l^'lowers, leaves, lace, and even 
insects, may be thus coated with a thin protecting film d metal, which 
preserves their forms accurately and durably. 

A recooit valuable application of the electrotype process is the coating 
of glass and earthenware vessels, which are thus rendered fire-proof ; for 
the metallic coating quickly distributes the heat equally over tlic surface, 
and thus prevents them from breaking, as they otherwise would, by unequal 
expansion. The surface of the glass or porcelain is first roughened by the 
fames of hydro-fluoric add, and then yaffnished and blaek-lnded, to form 
an adhering and conducting suriiMse for the metallie deposit. 

One of the most delicate operations of the art of electrotyping is that 
of copying copper-plate engravings. A cast is first made from the plate 
by electro-chemical action, in the same manner as a mould is taken from 
a medal. In sucii a cast all the lines are in relief ; it is requisite, there- 
fore, to make a second deposit on that surCuse to obtain a fiko-simile with 
the lines engraved. Nothing shews more dearly the beauty of the dee- 
trotype process than these tnmsfers of co])per-plate engravings. The finest 
lilies are most faithfully copied, and it is impossible to distinguish a 
print taken from, the electrotype from the proof impression of ^e ori- 
ginal. 

It was at one time expected that this mode of multiplying copper- 
plate engravings would sapersede engraving on steel plates j but it has been 
found in practice, thsA tiie copper deposited does not possess sufficients 
hardness to resist the wear and tear of copper-plate printing. This ob- 
jection may, however, be overcome ; and there were displayed in the 
Great Exhibition sheets of copper deposited by electro-chemical decom- 
position, that appeared to possess the firmness of hammered plates. 

A veiy anccessM appfication of deetro-metallurgy to the fine arts ia 
the process called glyphography. It consists in deponting on a plate of 
oopper a design in relief that may be printed from by &e letter-press. 
The surface of the copper-plate is coated with wax, through which the 
design is cut sufficiently deep to expose the metal. This plate is then, 
electrotyped, and copper is dej)osited in all the lines cut through the coat- 
ing. By this means there is left on the plate, when the wax is removed, 
a perfect copy of the design in rdief, so lK>ld as to be printed from* Thia 
is, in fsct, we original process invented by Mr. Spencer. The advantage 
it possesses over wood-engraving is in the facility of shading by " OTOsa 
hatching," as it is termed^ so as to resemble an etching on copper-plate. 
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Tfal waoom or failure of the electrotype process depends yerj much 
on the preparatioii of the copper solution, and on tiie strength of the vol- 
taio hatteiy. A saturated solution is not so well adApied for the purpose, 

as such a solution diluted with one-fourth part of water. To prevent it 
from becoming too weak by the deposition of metallic copper^ some crys- 
tals of the sulphate are added during the process. 

Mr. iSmee determined the laws that regulate the deposition of metals 
ULidifferent states. The strength of the battery, in relscfiott to the fltrea^th 
of the solution, causes the metals to be deposited either as a black pow- 
der, in a erystalline form, or as a flexible plate. The metals are deposited 
as a black powder when the current of electricity is so strong that by- ' 
drogen is evolved from the medal or negative plate in the decomposition 
cell. The crystalline state occurs when there is no evolution of gas and 
no tendency thereto. The regular deposit takes place when the electric 
current is stronger in relation to the solution than in the last case, but is 
not sufficiently strong to cause the evolution of gas. 

The art of electro-metallurgy has be^ more extensively. practised in 
plating and gilding than in any other way. To appreciate the aflvntitag-e 
of the process of electro-plating, it is requisite that the mode of manufac- 
turing plated articles by the ordinary means should be understood. A 
thick plate of sSlyer was attached to an ingot of copper, and the metals 
after being heated were passed through rollers^ until they were reduced 
into a thin sheet of plated copper, the silTcr being equally spread over the 
sur&ce. The plated copper was then cut into pieces, punched into the 
required forms, and soldered together ; the interior being filled with 
melted lead. Such articles cannot be ornamented bv engraving or chas- 
ing, but by milling and punching only. When the process of electro- 
plating is used, the articles may be cast, or put together in any con- 
Teniflnt method, and the most elaborate designs may be worked in metal, 
which, on being afterwards coated with the purest silver, presents an ap- 
pearance in every respect equal to the finest works in the solid metal. 

The operations for electro-plating differ in several particulars from 
the ordinary process of the elertrot\^)e. Tlie single-cell arrangement 
which has been deiicribed is inapplicable to the deposition of one metal 
upon another of a diflferent kind. The plan of having a separate batteiy, 
with two or more comlunations of plates, is indeedT necessary even in the 
depontion of copper upon copper, when the operation is conducted on a 
large scale, and the electric current has to pass through a considerable re- 
sisting morlium. When a separate battery in employed, the vessel in which 
the deposition is effected is called the decomposing trough. 

To effect the deposition of silver or gold upon metals that are more 
easily oxidisable, a peculiar kind of menstruum is required ; for if the 
silver be held in solution by an acid that wiQ attack the baser metal, no 
electro-chemical deposition of metallic silver can be effected. The men- 
struum that is found most suitable for the purpose is a solution of cyanide 
of potassium. There are vari<ms mudes oi preparing the solution and dis- 
solving the silver, but the cheapest and best, as recommended by Mr. 
Napier from practical experience, is to dissolve the silver in afioluti<mof 
cyanide of potassium, by the action of a voltaic battery. The proportiens 
mentioned are for operation on a laige manu&cturing scale, but the quan^ 
' tities may be rednc^ aoeording to the requirem^ts of the amateur. The 
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directions lie giyes are as foUowi : "Diaaolre 123 ounoea of cyamde of 

potassium in 100 gallons of water ; get one or two flat porous vessels, 
and place tliem in this solution to within half an inch of the mouth, and 
fill them to the same height vnth the solution : in these porous vessels 
place small plates or sheets of iron or copper, and connect them with a 
zinc terminal of a battery j in the large solution place a sheet or sheets of 
ailYer eonnected with the copper terminal of the battery. This arrange- 
ment bemg made at night, and the power emplejed being two of Wollas- 
ton's batteries of five pairs of plates, the zincs seven inches square, it will 
be found in the morning that there will be dissolved from 60 to 80 ounces 
of silver from the sheets. The solution is now ready for use, and by ob- 
serving that the ai-ticles to be plated have less surface than the silver 
plate forming the positiTe electrode for the first two days, the solntion 
will then have the proper quantity of silver in it.** The strength of the 
. solution recommaided is that of one ounce of silver to the gallon. 

During the process of plating, the sheets of silver immersed in the 
Bolutidn gradually dissolve as the metal is deposited,. and by this means 
the solution is maintained at the same strength. 

In preparing articles for plating, they must be completely freed from 
grease by washing in an alkaline ley, and dipped into very diluted nitric 
acid to remove any traces of oxide. The object is then suspended in Ihe 
decomposing troi^h and connected with the negative pole of the bat- 
tery, the positive pole being connexion with a sheet of silver in the 
solution. Silver is immediately deposited, and the plating ])roce88 proceeds . 
as long as the object continues immersed. An ounce and a half of silver 
to one square foot of surface gives an excellent plating. 

The articles when taken out of the solution are white, the silver "being 
afterwards polished on the parts required to be bright. A bright deposit 
may, however, be made by adding a little sulphuret of carbon to the solu- 
tion. ^Vhen a thin coating of silver is deposited on a bright siirface, the 
silver is also bright ; and in order to obtfun a coating of dead silver on a 
medal, it should have a thin film of copper deposited over its surface be- 
fore it is immersed in the silver solution, by whieh means the silverj even 
when very thin, will be white. 

In operating on a large scale, the decomposing trough is upwards of 
two yards long, one yard deep, and one yard wide, and contains about 250 
gallons of the solution. At Messrs. Elkington's establishment at Birming- 
ham, several of these troughs are in continual use. The silver plates in a 
single trough expose a sqiImw of nearly thirty square &e^ and the articles 
to be plated are suspended from metal rods that are eonneeted with the 
positive polo of the battery. The Toltaic batteries used by Messrs. El- 
kington generate large quantities of electricity of low intensity. When 
we inspected their manufactory, the deposition of each trough was effected 
by plates the zincs of which were three feet long by eighteen inches wide. 
Mr. Napier, however, recommends butteries with smaller plates, with 
several combined in a seriesii.to increase the intensity of the electric cor^ 
rent. 

The operation of electro-gilding very closely resembles that of electro* 

plating. The gold solution may be prepared by dissolving gold in a solu- 
tion of cyanide of potassium in the same manner as the silver, but the 
liquid should be heated. The strength of the gold solution 9eed not ex- 
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ceed Iidf an ounce of gold to ilw gaHon, and a Baffioientlj tklek eoating of 
ibe metal U deposited in two or three minutes. Voltaic bsitteriea of raree 

or four pairs of plates are generally employed for electro-gilding; bat if 

the solution be heated to nearly tlie boilinsf-poiut, a single pair will an- 
swer the purpoae, for the hotter the solution the less the battery power 
required. 

The method of gilding, before the iDtroductiou of the electro-chemical 
piooesB, was extremely injurious to health. The gold was conyerted into 
• thin amalgam with mercury, which was brushed over the surface of 1^ 
artidle to be gilt, and exposed to a strong heat to dissipate the mercury. 

The piorcTirial fumes pro(luccd the most pemicioug effects, notwithstanding 
all the care taken to prevent them ; so much so, indeed, that the average 
lives of the workmen engaged in gilding by mercury do not exceed 
thirty-five ycaza. Electro-gilding is also prejudicial to health) though not 
to the same extent, and the operation should be conducted in a lofty weU- 
ventilated room. 



CHAPTER XXIT, 

BUSCTRIO CLOCKS. 

First application of electricity to indicate time — Bain's self acting electric clock- 
Means of making and breaking contact — Application of mechanical power— The 
earth battery — Shepherd's eiectro-maguetic cluck — Independence of the pendulum, 
and its advantagM — ^lastantaneoaB indiiatioii of Gieenwich time at dbtani places. 

The claim to tlic invention of electric clocks has been disputed by Profes- 
sor Whcatstone and by Mr. Bain ; but whatever claim Professor Wheat- 
stone may have to be the original designer of such application of electric 
force, to Mr. Bain is unquestionably due the merit of having brought it 
into practical operation. 

. In 1841, Mr. Bain, in conjunction with Mr. Barwise, obtained a patent 
for the application of electricity to the regulation and movement of clocks. 
The invention at that time specified had for its principal object the move- 
ment of several clocks by currents of electricity, transmitted at regular 
intervals by the agency of a clock of the ordinary construction. The ad- 
vantage proposed to be gained was, to make any number of elocknlials in 
a large establishment inScate exact time with one well-made docky with* 
out requiring any impelling jnechanical power. By a subsequent improve- 
ment of the invention, each clock was made to move independently by 
electricity, without any assisting clock to regulate the transmission of the 
electric current. The arrangement by which the independent regulated 
movement is obtained will be understood by the annexed figure. 

The bob A of the pendidum a b consists of a hollow coil of covered 
coi^ier wire. A hollow brass tube c c, about two inches in diameter, 
passes through the coil, there being sufficient space left for the coil to move 
to and fro without tonclnng. Within the hollow tube, and on each side 
of it, are placed permanent bar magnets^ with their similar poles presented . 



Digiii^LO by ooogle 



2LECTRIC CLOCKS. 



183 



toiraidseadiotlier at a distance of alwiitfoiirinclififl ftp For example, 
the magnets within the tube on the right hand have thdr north poles pre- 
sented to the coil, and those on the IdEt hand haye also thdr north poles 

presented to it. When an electric current 
passes throuf:;h the coil it becomes instantly 
magnetic ; the end towards the right, we 
vdll suppose, having a south polarity, and 
that towards the left a north polarity. The 
coil is eonseqnently immediately attracted 
toiracds the right, and is repelled by the 
ma^ets on the left, as the pendulum swings 
in that direction. Before arriving at the end 
of its vibration, the connexion with the vol- 
taie battery is broken by the action of the 
pendnlnm itself; tiie magnetic property of 
the coil instantly ceases, and it descends by 
the force of gravity. On ascending the other 
arc of its vibration, oontnct is again made 
with the battery, and the electric current is 
sent through the coil, hut in the reverse di- 
rection; BO that the left-hand end of the coil 
has south polarity given to it, and the right becomes the north pole. By 
this rev^raal of the current the c<h1 is impelled towards the left, and the 
vibrations of the pendulum are thus maintained for an Indefinite time. 

To make and break contact with the wires of the voltaic battery, and 
to reverse the direction of the electric current, a light sliding frame is car- 
ried from side to side by the pendulum. The wires e dy from the opposite 
ends of the hollow coil, are carried np the pendulum-rod. A cross-piece of 
wood fixed to the clock-case serves as a stage whereon the light movable 
frame slides, the uprights whereon it rests h&ng gold wires. Inlaid in the 
stage or cross-piece are studs of gold, connected by wires to the voltaic 
battery. When the pendulum vibrates towards the riglit, tlic movable 
frame is carried towardt* tlie right hand, so that two of the upright gold 
wires rest on the studs ; by this means connexion is made with the voltaic 
battery, and an electric current is transmitted through the coil a. On the 
returning vibration of the p^dulum the movable frame is shifted towards 
the left, and the electric current is reversed, the polarity of the coil being, 
thus changed at each vibration of the pendulum. 

In ordinary clocks the impelling power of a weight or spring commu- 
nicates motion to a train of wheels, and the use of the pendulum is to retard 
and regulate the motion ; but in "Mr, Bun*s electric clock the movement of 
the pendulum propels the hands, and the train of wheels is dispensed with. 
The mode by which the vibrations of the pendulum are a])plied to> propyl 
the hands will be readily understood on inspection of fig. 95. 

An elnrtro-magnet a is fixed on tlic top of the clock, and an electric 
current is sent through the coii on each vibration of the pendulum. Each 
time that the electro-magnet is put into action by these transmissions of 
dectridfy, the keeper b, to which tiie light-jouited dkk-lever ]> is attached, 
is attracted, and falls into a tooth of the ntdiet wheel b. MHien the con- 
nexion with the battery is broken on the fall of the pendulum^ the lever is 
foieed back by the spring at and thus advances the wheel the space of 
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one tooth. A small spring keeps 
the wheel steady, and prevents it 
tumiDg back during the next vi- 
bratifm ; and by this arrangement 
the latchet-wheel u advanced one 
tooth by two swings of the pendn- 
lura. Tims, when the wheel con- 
tains thirty teeth, and the pendu- 
lum vibrates once a second, the 
wheel will make one complete 
rerolution every minute. That 
wheel will therefore constitute the 
seconds wheel of the clock, and 
the minute and hour hands may 
be moved by it, in the same man- 
ner as in ordinary clocks. 

The voltaic power employed 
by Mr. Bain in working these 
clocks consists of a large plate of zinc, and a quantity of coke buried 
in moist ground. Mr. Bain first dircfsted attention to the use that may be 
made of the moisture of the earth in exciting a very steady current of 
voltaic electricity. In tlie earlier experiments he eui})loyed a large plate 
of zinc and a corresponding pkte of copper; but it was afterwards found 
that coke or (duurcoid, among which copper wires were introduced to act 
as conductors, answered the purpose better, because a larger surface is 
thus exposed to contact with tiie moisture. On making connexion be- 
tween the coke and the zinc a current of electricity is established, whicli, 
though of very feeble intensity, is sufficiently powerful to keep the peudu> 
lum of the electric clock in motion. 

It was supposed by Mr. Bain that the electricity thus excited was de- 
rived directly from the earth, and he attached great importance to the 
diseoveary as a new source of obtaining electric power ; but the effect is 
due only to the moisture of the earth acting on the sine, and plates of 
equal size, if immersed in water, would generate an equal amount of elec- 
tricity as when buried in the ground. In practice, however, there is con- 
siderable advantage gained by employing an " earth battery," for the action 
proceeds undisturbedly, and a battery of this kind will continue at work 
for a year or longer without requiring any attention. 

Objection has been raised to Mr. Bflan*s dock, that as the pendulum 
is impelled by the direct action of electro-magnetism, it is liable to be 
a£fected by any variation in the power of the voltaic current, and such 
variations are continually taking place, even in the earth battery. The 
mode of making contact by the movable piece is also imcertain, and by 
a slight deposition of dust the connexion may be interrupted. With 
proper care, however, these docks will continue to perform wdl for several 
months without touching them. 

Mr. Shepherd, whose gigantic electric clock kept time over the central 
entrance of the Great Exhibition, has effected a considerable improvement 
by rendering the moveni«'nt altogether indepeTuIent of variations in the 
electric power. In iua docks the vibrations oi the pendulum are main- 
tuned by repeated blows of a amall spring, the dectro-magnetie power 
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being employed only to draw back the spring after it has giten the blow, 

so as to be ready to strike again when the pendulum returns. The regu- 
larity of the movement is still further secured by detaching the pendulum 
from the mechanism that propels the hands, which are moved forwards by 
separate electro-magnets. All that the j^endulum does is to make and 
bnak contact with a Yoltuc bftttery by striking against ft small spring at 
every yibration. The instant that oontaet is made^ not only is tiie in^Ml- 
ling iqpring drawn back by an electro-magnet, but other electro-magnets 
are brought into action alternately, and by their successive altraetions 
propel the seconds-wheel of the clock. By tliis arrangement the isochro- 
nous motion of the pendulum is not interfered with by any variation in 
the power of the battery, nor by the attachment of mechanism of any 
kind. 




fig. 96. 



Figure 96 shews Mr. Shepherd's arrangement for making and break- 
ing contact with the voltaic batteries, and his mode of applying electro- 
magnetism to propel the mechanism of the clock. A metallic cross-bar 
A, fixed to the upper part of the pendulum, has two projecting pins of 
platinum, that dip alternately in cups of mercury m m\ as the pendulum 
vibrates. Wires are carried from Mch cap of mercury to a separate toI- 
iaic battery, and from the batteries to the deotro-magnet and thence 
to the penduhiMi of the clock. A permanent magnet n s is fixed to 
the top of the jjulette D, which is so arranged in respect to the ratchet- 
wheel E, that it propels it one tooth at each double action. Thus, when 
the pendulum vibrates to the right, as shewn in the figure, connexion is 
made through the cup m with the battery cz^ and the electro-magnet 
attracts the north pole h of the permanent magnet, and repels the south 
pole. The opposite action takes place when the current is reversed, by 
making c<mnezion through the cup wi', and the other battery is brought 
into play. Tn this manner the alternate moyements are continued, and 
the ratchet-wheel is regularly proi)elled. 

A single pendulum will sei ve to move the hands on the dials of any 
nmnber of doeki. Snofa aa anangememt bae been in opentlaon for some 
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time at an extensiTe warehouse in the city. All the dials of a nnmerom 
series of clocks are regulated bj one pendulum placed in the counting- 

houHe, and the wire required to communicate between the pendulum and 
the dials in different parts of the warehouse is upwards of a quarter of a 
mile in lengtli. When several clocks are required in one establishment^ 
great advantage ia deziTed employing electro-magnetism in this man- 
ner, because ine diala of all mdtcate exactly the same time ; they can be 
constructed at considerably less cost than good ordinary clocks, and they 
continue to go without the trouble of winding up. The public clocks of 
a whole town might thus be propelled, by einj)loying a more powerful vol- 
taic battery, the movements of all beinp^ rcj^ulated by a single pendulum. 

In connexion with electric clucks may be mentioned the means of 
indkating exact time at different places. An amngement of this kind 
has been recently completed between the Boyal Obaervatory at Qreen-widi 
and the Electric Telegraph Company's office in the Strand. A large ball 
on the top of the Royal Observatory falls daily, to indicate exact, time at 
one o'clock, and a similar V»all on tlie top of the Telegraph Office also falls 
at the same instant ; communicatiou being made between tlie two places 
by an insulated telegraph wire. The method by which the descent of the 

ball in the Strand is effected will be understood 
on inspection of figure 97. Let a represent a sec- 
tion q£ the tube on which the large hollow ball B 
slides up and down. A jointed lever E, consisting 
of a piece of soft iron, acts as the keeper of the elec- 
tro-magnet M, and when resting perpendicularly, a 
projection on the other 8ide.take6 hold of a catch 
D in the straight arm that is fixed to the ball, and 
thereby holds it in position at the top of the per- 
pendicular tube. The instant that the ball on the 
Royal Observatory falls, it makes contact with a 
voltaic batterv in comi xion with the wires c z of 
the electro-magnet m, and brings that magnet into 
action ; the keeper x is attracted from the catch 
by which the hsJl is supported, and it thus falls at 
the same instant as the ball at the Observatory. 
To prevent concussion, by accelerated velocity 
durincr the descent, a plunger attached to the rod 
rtjl H n that suppurts tiie ball is introduced in the tube F, 

{{^^If mi ^d by compre^ing the air withiu^ the fall of the 

l^ffil n ball is suffideatly retarded. 

The arrangements at tihe Observatory for libe- 
rating the ball exactly at one o'clock were effected 
by Mr. Sheplierd in the following manner : Three 
small pairs of springs for making contact, a, 6, c, 
are fixed on the frame of the clock, so that they 
may be pressed together by projecting pins e,/,g, 
on the wheels that carry the hoTir->hand| the mmote* 
hand, and the seconds-hand respectivdj* The 
iig.97. wire z connected with the voltaic battery is at- 

tached to the pair of springs c, and when they are 
jpreased together by the pin 6, metallic contact is made with the spring 
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bj by a connecting wire w. When 
these springs are pressed together 
hy the pin on the wheel b, con- 
nexion with the battery is extended 
to the third pair of springs a, and 
on contact being made by the |}in on 
the seconds-wheel c, Ihe Toltaic cii^ 
cnit is completed through the three 
8{HringBy and the electric cutrait 
puts in action an electro -magriet, 
which withdraws the detont tliat 
supports the ball on the top of the 
Koyal Observatory. 

It will be obsenred that to com- 
plete the cbreuifc it is necessary that 
the three contact springs diould be ' 
pressed together at the same time. Sg.Mw 
As the hour hand on the first wheel 

A, whirl I revolvea oDce in twenty-four hours, approaches towards one 
o'clock, it first presses together the spring d, and as that wheel moves 
slowly, contact is made for. a quarter of an hour or more before the time 
reqiwed. The minute^wheel b next makes contact about half a minute 
before one oVlock, but no effect is produced until the seconds-wheel C 
makes contact exactly at one o'clock, and at that instant the voltaic current 
passes, first to the electro-magnet on the Observatory, and thence to the 
electro-magnet which liberates the ball on the Telegraph Office in the 
Strand. The balls are wound up by mechanism at half-past twelve 
o'clock. It is proposed to extend similar arrangements to different parts 
of the kingdom, through the telegraph wires ; so that correct Greenwich 
time may be known once even,- day. 

In the figure some of the wheels in the train of the clock are omitted 
to avoid confusion ; but it is evident that by this arrangement the voltaic 
circuit can only be completed once during the revolution of the hour- 
wheel, howcTcr often contact is made with tiie springs connected with the 
other wheehL 




CHAPTER XXIII. 

XiaCELLAiraBOUS APPLICATIONS OF ELBCTBICZTT. 

The electric light—Electro- miignctic engines— Blasting rocks— Explouon of fire-damp 
in ininflt— Somidiiig the tea— Detennining longitudM— FizMtlanns— Table>moving 
^— Uaijooniag— <7oiuiliwoii. . 

THE ELECTBIC LIGHT. 

Thi application of electricity to the purposes of illumination was brought 
prominently into notice about four years since, and then promised to 
become a moat valuable means of lighting streets. The electric light 
proposed to be employed, though introduced as a new dkeanBtf, was 
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noUimg more ilum the preyiously wdl-known evolution of briOiant lumi- 
nous rays from charcoal points when exposed to the action of a powerful 
Toltaic battery. The l^t thus produced almost equals in brilliancy and 
purity that of the sun; and if means couM be found of rGt!:iilHtinfif the 
action, so as to ensure stcadinesfi and certainty, it would prove a most 
useful source of illumination. 

Mr. Stiait> when proposing to make the electric light available, in- 
vented- a Tohaic battery intended to aet with great steadinees, and ho 
introduced azTangements for a^jntfttng the charcoal points, which im- 
provements it was thought would overcome the difficulty; but though he 
succeeded in maintaining the light for a short Umc, it could not be rogi^ 
lated with the steadiness and rertninty requisitf for practical use. 

An ingenious contrivance hy Mr. Aiiman was in the Great Jb^xhibition^ 
of a self-acting adjustment of the chareoal points, so that the distance 
apart might vary in proportion to the variations in the power of tho 
battery. We have not, however, heard of any practical application of thw 
invention; and we fear if has not been found to overcome the difficulty. 

Another objection to the aj>plication of the electric light, in an eco- 
nomical point of view, is the cost of generating the electric force. It 
has been ascertained by experiment that the expense of maintaining the 
requisite battery power would considerably exceed that of the quantity of 
gas that would yield an equivalent amount of light. This objection, 
thou^ it might prevent the electric l^ht from coming into general use, 
would not prevent its being ft]>pHed in many cases where the question of 
cost is an inferior consideration, could the constancy of the light be 
depended on. 

The impediment to the perfection of the invention, occasioned by the 
cost of exciting power, will probably be removed by the discovery of 
some better and cheaper meaos of exciting vditaic electricity than by tibie 
consumption of zinc; and in that case the electric light may become as 
common a source of artificial illumination as coal gas is at the present 
day. Even in the imperfect state in which the invention now remains, the 
electric light miglit, with proper care uud uttentiou, be applied with great 
.advantage to riiany lighthouses on the coast. 

SomCiCecent investigations, by Professor Wartmann of Geneva, into the 
applicability of the electric light, tend indeed to shew that it may be used 
to advantage more generally than we have, in the existing state of the 
inventioi^ and in the imperfect condition of the voltaic battery, assumed 
to be practicable. 

It in asserted that the light emitted from a single pair of charcoal 
points equals that of 800 large burners; and that when a powerful voltaic 
circuit is formed, the diarcoal points may be introduced at several parts 
of the curcuit, and thus distribute the light from several points of illla- 
mination.* 

lELBGTBO-MAGintTIO ENQXKES. 

The application of electro-magnetism as a moving power is^ like the 
electric light, also awaiting, for practical purposes, further improvements in 

the mode of generating voltaic electricity. 

Electro-magnetic engines of various kinds Imve been constructed, some 

* Pblloaophical Mugasine, Januaiy 185S» 
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of which have propelled boats and worked printing macliiues; but the 
amo/anA of power obtained has been so small compared with the cost of 
the voltaic batt^, m to render meh applioationB of electricity practicaUj 
useless as subfltitates fw Bteam. The most ample of the yarioiia model 
by which electro-magnetism may be applied to [nropel QUhOhinory is shewn 
in the annexed diagram. 




The lever A b, jointed at b, is either made of soft iron or it has bars of 
soft iron tixed on each side. to serve as keepers for the electro-magnets 
BD. The magnets are fixed in indined positions, as shewn in the figure, 
so that the keepers on the movable lever may rest on the poles of eadi 
altenuttdy, as it is attracted from side to side. 

Two pairs of metal studs e e, h h' are connected respectively with one 
end of the coils of the electro-magnets and with the voltaic battery that 
brings them into action. Thus, the wire of magnet d is cuimectod with e, 
and a wire from the stud e is connected with the battery. A movable 
piece of metal m slides laterally, and is shifted from side to side hy tiic 
carved piece n striking against it when the lever a b is in action. When 
that sliding piece of metal rests upon either pair of stads, it completes the 
communication with the voltaic battery through the magnet to which the 
atud is connected. 

In the position of the engine, represented in the figure, the sliding 
piece is resting against the stud connected with the electro-magnet D, 
which consequently becomes magnetic and attracts the lever. The instant 
brfore the keeper comes in contact with the mat^uet, the cuimcxions are 
reversed, by the curved piece n shifting the sliding metal from its contact 
with e e aj^ainst the oj)po8ite studs ; and by this means the raaj^uet E 
comes into action, and the lever is attracted towards it. In this manner 
the lever may be kept in action for au indefinite time. The alternating 
movement m^ be converted into notsij motion by means of a crank, in 
the ordinaiy manner. 

In some electro-magnetic engines rotary motion is communicated di« 
rectljr to a wheel, without the intervention oi tk oran](» by fixing « nmober 
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of electro-magnets in the circle of rotation close to the periphery of the 
wheel, into which numerous pieces of soft iron are inlaid. Each electro- 
magnet is brought into action in succession by making and breakiiig 
oontaot with the Toltaie battery as the wheel rerolves ; by this means there 
is a continuous change in ^e points of attraction round which the wheel 
is thus made to rotate. 

One cause why so little power is obtained by electro-magnetic engines 
of these constructions is the limited sphere of electro-magnetic attraction. 
In the anangement of the vibrating arm, for example, the force with 
which the keeper is attracted is very feeble until it approaches dose to 
the magnet) when the magnetic action must necessarily cease. With a 
view to oYcrcome this objection, an arrangement has been contrived in 
which the attractive power of a hollow coil is employed. A model engine 
of this kind was place(] in the Great Exhibition. Its mode of action will 
be understood by the annexed section. Two hoUow coils of covered copper 




as* MS. 

wire AB are fixed vertically, the coils being connected together as if they 
formed the helices of ui electro-magnet. Inside the coils two hollow 
cylinders of soft iron tt and ee are introduced. Two phrngers c d, formed 
of soft iron, are mounted on a balance lever F. The ends of the coils are 
connected with the balance lever in such manner that as each end rises 
and Ms alternately^ it reverses the direction of the voltuc current through 
the coils in a manner simikur to that shewn in fig. 99, and thus revenes 
the poles of magnetic attraction. In the position represented, the plunger D 
having reached the centre of the coil, where there is no magnetic action, 
the direction of the rlectric current is reversed by the lever, and c is then 
attracted into the luHcw coil A. The lever is thus alternately lifted up 
and down like the beam of a steam-engine, the two hollow coils repre- 
senting the two cylinders. 

By this means of applying the force of induced magnetism the sphere 
of atttacticm is Tery mudl increa^, especially when permanent steel 
magnets are used as plungers, for it then extends almost to the centre ; and 
as the attractive power in one of the coils diminishes, the repelling power of 
the other is correspondingly increased. We have not heard of any prac- 
tical application of this form of electro-magnetic engine ; but it is a new 
mode of applying the force of electro-magnetism, whidi promises to be 
attended with fitrourable leanlts. 
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In the Reports of the Juries of the Great Exhibition an electro-mag- 
Detio engine, invented by Mr. Hjorth of Denmark, i^ highly spoken of. 
It operates on the same prindple as the engine ire have just noticed. It 
consists of two sets of hollow horse-shoe eleetric magnets, conical innde, 
with a corresponding number of solid electro-magnets, which by mutually 
attracting each other, make a double stroke of four inches m length. The 
power has been found, by means of a spring-balance, to bu about thirty 
pounds at the commencement of the stroke when the distance of the re- 
spective poles is about half an inch, decreasing slightly by degrees as the 
piston enters into the hollow electric'magnet.* Tbe Jury state, we can- 
not help flattering ourselves that the attainment of this mysterious motive 
force will soon be followed by the making it available for practical pur- 
poses." 

BLABTDTO BOOKS. 

When a voltaic current is transmitted through a thick wire, it is dm- 
ducted so freely that there is no sensible increase of heat But if a very 
thin wire be intcr^wsed in the circuit, the resistance thus offered to tbe 
electric current causes the evolution of heat sufhcient to make the wire 
red-hot. This heating property of the voltaic current has been rendered 
available in blasting rocks. Thick wires from a voltaic battery containing 
a series of plates of not less than four inches square are laid down to the 
spot where the explosion is to take place, and at that point the circuit of 
thick wire is broken, anti a short length of very fine platinum wire is in- 
troduced. The fine wire is usnnllv inserted in a cartridge of gunpowder, 
and it is covered over by the powder to be exploded. When every thing 
is properly arranged and all persons have retired to safe distances, the 
thick wires are connected with the two poles of the battery, and the pow- 
der is instantly ignited. 

This plan of blasting rocks is more effectual and more free from dangw 
than the ordinary method of igniting the powder by a fuse, for it some- 
times happens that the lighted fuse communicates with the j)owder before 
the time calculated ; occasionally also it hangs fire, and the men, supposing 
it to be extinguished, approach the mine and are killed hj the unexpected 
explosion. 

The application of voltaic electricity to the purposes of igniting large 
charges of powder was first successfully made by Col. Pasley in blowing 
up the wreck of the Eoynl Creorge. and it has since been generally em- 
ployed for submarine explobitnis. The most remarkable instance of this 
application of electricity was the removal of an immense mass of the 
Round t>own CM at Dover, on the 26th of January, 1843. The cliff was 
375 feet above high-water mark ; and as a projection of it pievented a di- 
rect line of tiie South-Eastem Hallway h&ng taken to the mouth of the 
Shakespeare tunnel, it was resolved to remove the obstruction by blasting. 
Three different gallerips and three shafts connected with them were exca- 
vated in the chalk rock. The length of the galleries was about 300 feet, 
and at the bottom of each shaft was a chamber eleven feet long, five feet 
high, and four feet six inches wide. In these chambers 18,000 pounds of 
gunpowder were placed in bags, with the mouths open and loose powder 
scattered over tiiem. The distance of the charges from the £tice of the 

• Bepoitt of tihe Juiies, daasx. p. 283. 

« 

Digrtized by Google 



I9S 



THE APFLIGATIOBS OF EZ.ECTSICITT. 



clilTwas about seventy feet. At the back of the cliff a wooden ahed was 
constructed in which three voltaic batteries were arranged. Each combined 
battery consisted of oigliteen of Daniell's cells and two connnon batteries 
of twenty pairs of plates each. To these batteries were connected thick 
wires, coY«red with cord to insukte them from the groimd. The wires 
were lud upon the grass to the top of the cUff, and then falling over it 
were carried to the eastern, the central, Mid the western chambers. The 
wires were e.u h 1000 feet long, and it was ascertained by experiment that 
the electric current was sufficient to heat the interposed length of platina 
wire at a distance of 2300 feet. The powder was divided into three 
diarges, each one being exploded separately by a distinct drcuit, it being 
arranged that at the instant the central diarge was fired^ the voltaic cur- 
rent should also be transmitted through the two other circuits. Flags 
were fixed at various points on the cliffs to warn people not to approach, 
and on the top of the Hound Down Clifi" a larirrr flaj]f was planted, towards 
which all eyes were directed as the time appointed for the explosion ap- 
proached. "At twenty-six minutes past two o'clock," as reported in 
the l^met of the following day, "a low, faint, indistinct, indescribable, 
moaning subterranean nimble wag heard, and immediately afterwards the 
bottom of the cliff began to belly o&t, and then, almost simultaneously, 
about 500 feet in breadth of the summit began gradually but rapidly to 
sink. There was no roaring explosion, no burstintjj out of fire, no violent 
and crashing splitting of rocks, and, comparatively speaking, very little 
smoke ; for a proceeding of mighty and iirqiresnble fore^ it had little or 
nothing of the appearance of forces The rock seemed as if it had ex- 
changed its solid for a fluid nature, for it glided like a stream into the sea, 
which was at the distance of 100 yards, perhaps more, from its base." 
The top of the Round Down Cliff did not fnll down on to the beach as 
might have been expected, but it descended almost perpendicularly, retain- 
ing its former distinctive character at a lower level than the surrounding 
diffs which it before overtopped, as represented in the aocompauyiiig 
engraving. By this blast one million tons of chalk were lemored, which 
would have otherwise required twelve months* labour to cut away. 

EXPLOSION OF FIRE-DAMP U\ MINEa. 

The same arrangement that is adopted for blasting rocks might be 
applied, with great effect, to diminish the loss of life occasioned by explo- 
sions of carburetted hydrogen gas in coal-mines. It is the practice in 
many mines that are considered to be ''fiery,** for a man to descend eveiy 
morning, before the miners go to work, to ascertain whether the passages 
are in a safe condition. The duty of the "viewer" is to proceed to all the 
dnntrerous parts with a safety-lamp, and if he finds from the indications of 
the dame within the wire gauze that the atmosphere is inflammable, the 
miners are not allowed to descend until additional means have been taken 
to ventilate the mine. This duty is sometimes very negligently performed, 
and in the case <^ a fatal explosion which occurred last summer, several of 
the miners accompanied the viewer with unprotected candles, and most of 
them were killed. 

The trouble and loss of time of this precautionary examination and its 
aooompauyiug danger might, the author conceives, be saved, by igniting 
ludfen-uu^esy or other combustibles, by voltaic electrici(y in various 
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parts of the mine. This might readily be done at a very trifling cost. A 
thick insulated wire iixed to the side of the shaft from the mouth of the 
pit to the ftzthest part of the workings, and there attached to a copper 
plate immened in a pool of water, would serve to conduct the current of 
dectricity, and the return current might be completed by a similar plate 
of metal buried a few feet deep in the moist earth near to the battery at 
the pit's mouth. By intercepting the thick wire circuit in those parts 
usually most dangerous, and introducing a short piece of very fine platina 
wire, heat sufficient would be evolved at those points, when the circuit was 
completed through the battery, to ignite hicifer-matcheB laid upon the fine 
wires over night. By this means Sie condition of the mine could be as- 
certained in an instant^ without personal examination. 

There would of course be objections raised to any plan so different 
from the usual routine, but in the opinion of the author it presents an 
easy, safe, and practicable mode of testing the safety of coal-mines, which 
it would be advisable^ at all events to try. 



souHDnro the sea. 

In sounding the sea by "the lead" at great depths, 
it is difficult to ascertain exactly when the weight strikes 
the ground. An ingenious contrivance has been in- 
vented by Mr. Bain for ranoving the difficulty by em- 
^oying electrical agency. We are not aware that the 
invention has yet been brought into use ; but it may be 
desirable to explain the modus operandi as an illustration 
of one of the many different ways in which electricity 
may be applied. 

In fig. 101, A represents a metal spring-hook, the 
curved end of which e presses against the projection z, 
when the two points are not kept apart by the weight of 
the lead, as they are represented to be in the woodcut. 
The end c is insulated from the other part of the hook 
by the piece of wood d. A wire connected with the 
end e, proceeds from one of the coils of an eleolro-mag- 
net on the deck of the ship ; the wire /proceeds from a 
voltaic battery to which the other end of the coil of the 
electro-magnet is attached. By this arrangement it will 
be perceived that when the points z and c come in con- 
tact, the electro-magnet will become active; and the 
keeper, as it is attracted, may strike a bell, or give notice 
in any other convenient way. This would take place as 
soon aa the lead touched the ground, for its weight would 
then cease to operate against the action of the spring in 
keeping the two ends apart ; and by this means the in- 
stant that the bottom was reached would ])0 made known. 

For the sake of shewing the action more clearly the 
two wires are represented in the figure as entirely sepa- 
rated ; but they might be both twisted together round 
the plumb-line^ care be taken to insulate them from 
each other by a covering of cotton well varnished. 
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DETERMININO L0?JOITUDES. 

Instantaneous conimnnieation from j>la('e to place, hv mcanR of elec- 
tricity, has been applied to deternkine the longitude. 1 his was first done 
in America at great distances apart, and recently in this country; Professor 
Ohallls, of CSambridge obsenratorj, having in May last undertaken a aeriea 
<if experimente, in connexion with the Royal Observatory at Qreenwich, 
for that purpose. The principle on which this application of electric force 
depends is very simple. A teleL""rnplii(" wire was connected with the ob- 
servatory at each place, and the instant tluif tlie seconds-hand of the clo(;k 
at Greenwich indicated a given time, a signal was transmitted through the 
telegraph-wire, and the Cambridge time was directly noted. The difference 
between the two affords the means of determining the longitade with great 
exactness, by shewing how much sooner the sun comes to the meridian at 
Cambridge than at (Greenwich. 

FIBE ALABH8. 

Electro-magnetism has been ingeniously applied to sound an alarum 
in case of fire. The action of the instroment depends on the well-known 
«ipannon of mercury by heat. The mercury is contained in a gkea bnlb 

similar to the bulb of a thermometer; and when heated it rises np the 
tube and touehcs a wire which is connected witli a voltaic battery, and 
instantly brings into action an electro-magnet. A detent is then withdrawn 
from a piece of clock-mechanism, and an alarm is thus sounded whenever 
the room in which the thermometer-instrument is placed becomes heated 
a few degrees aboYC the ordinary temperature. 

In the accompanying figure ▲ represents the glass bulb ; b c are two 

short tub^ communicating with it, into 
which wires are introduced. The bulb 
is filled with mercury, and placed in a 
vertical position, so that when it is ex- 
panded by heat it will rise up in the 
tube and tench Ihe wire. The wire at 
the bottom is connected with the elec- 
tro-magnet, and that at the top with 
the voltaic battery ; and in thi« nianuer 
the circuit is completed as soon as the 
mercury becomes sufficiently expanded 
to rise as high as the wire o. 

A thermo-electric alarm might at 
Ycry trifiing cost be placed in every 
room of a house, one voltaic battery 
and one loud alarum being sufficient for 
fig. 102. . all. In hotels, and in all large esta- 

blishments, an apparatus of this kind 
would prove a great safeguard, as it would be the means of giving warn- 
ing of danger iMfoze any indication of fire was otherwise perceptible. 

TABLE-MOVING. 

As the alleged phenomena of tnble-movinG-, which at present attract 
much attention, have been generally attributed to electrical agency, it 
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mlgltt be considered an omismon in fhls work if the mbjeefc vere not no- 
ticed. We haye no hesitation in userting, that it is absolutely impossible 
such effects could be produced hj the Imown properties of electricity. 
Even admitting — which we are far from being inclined to do — that elec- 
tricity can be cxcitfd by the imposition of hands, and that it could be so 
excited with unlimite I almndance, no nrr cumulation of electrical force 
could operate in such a niauner on a solid table placed upon the floor. 

Lei VB consider for a nunnent the physicel droomstanees neeessary to 
produce the simplest of the movements stated to occur. To raise a table 
on one side a few inches from the ground by electrical attraction would^ 
in the first place, require a greater amount of electric force than was ever 
generated by the most powerful artificial means. Such a concrntrntion 
of electricity could not fail to exhibit it«elf by the emission of 8])ark8, by 
the attraction of all surrounding movable objects, and by the i-epukion of 
any light bodies placed upon the table. No such effects are represented 
to be exhibited ; and we are told that tables move without any previous 
manifiBstation of the ordinary phenomena of electrical attraction. It is 
also irreconcilable with all the known actions of static electricity, to sup- 
pose that it could be accumulated in quantity and intensity on such an 
imperfect insulator as a carpet. Even if that were possible, the attrac- 
tion of the floor, as the nearer object, would greatly surpass that of the 
ceiling, and would l&erefore bold the toble more firmly to the ground, in- 
stead of lifting it up. 

If, again, voltaic electricity he the assumed agent, the difficulties are 
no less insurmountable. Attractive power in that cfise could only he ob- 
tained by inducinp^ magnetism. We must suppose, therefore, tlie exist- 
ence of some undiscovered property, which can impart an unknown kind 
of magnetism to wood, tiiat is capable of attracting other nmilar bodiea. 
But even admitting all this, a cause would still be wanting to account for 
the magnetised table being attracted to the more distant ceiling instead 
of to the floor. 

We have ordy considered the causes necessary to account for the mere 
raining of a table on one side ; and if the known properties of electricity 
are unable to produce that simple effect, they would be still less adequate 
to cause movements at the will of the operators, which, even though en* 
dowed with vitality and intelligence^ a rigid table could not accomplish 
without assistance. 

In addition to those invention*' we have described, thore are numerous 
other applications of electricity ; some of which, however, are of little 
practical utility, and in other cases the practicability of the applications of 
the force is too questionable to render it requisite to ^ve spetnal descrip- 
tions. Among the variety of objects to which electricity has been applied 
may be mentioned a means of measuring the velocity of cannon-balls, and 
of other rnpidly moving bodies; a mode of performing on musical in- 
struments ; the detection of the frauds of omnibus-conductors ; and a 
plan for catching whales. The last-named invention we have only recently 
seen noti<^, and if fearible^ it will cotainly afford great advantage to tiie 
arctic fishermen. The harpoon is connected by a whre to a voltaic battery, 
and the instant it strikes a whale it is to communicate a stiiimingv.BhodE 
that will render the creature powerless. 
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It is impossible to conceive limits to the extent to which electric force 
may be applied by the ingenuity of man as progress continues to be made 
in the science, and especially when more facile methods of generating elec- 
tricity are discovered. Its importance as a means of traueimittin^ intel- 
ligence is liecoming daily more appredatod; and when -the eleetne tele- 
graph has receiTed the improvements of whicli it is already capable^ it 
will become a general means of' correspondence. The other object to 
which we look forward at present as most likely to effect important changes 
in the social condition of mankind is, the aj>plieation of electricity as a 
moving power. The practical i)art ct Uh' srience is nut yet sufficiently 
advauced to enabl^ us to expect an early approach ol lixls event ; but we 
feel assured that not many yeais will have passed before means iriU bO 
found of employing electric force with great advantage for that purpose ; 
and when that time arrives^ changes will be efifected in the means and 
facilities of locomotion, as great as any tiiat have been introduced, by the 
power of steam. 



Digitized by Google 



INDEX. 



Absolutk quantities of electricity, 126. 
Air, resistance of, to electrical conduction, 
SL 

Alkalies, the decomposition of, 33^ l2aL 
Alexander's telegraph, 163. 
Araalgam, 02. 

Amber, its attractive properties discovered, 

a. 

Animal electricity, 145- 
Apparatus, economical, 
Applications of electricity, 153. 
Atmospheric electricity, fl3. 
Attractiun, electrical, ML 
Aurora borealis, CTj Sl^ 
Aurum musivum, 14.?)- 

Bain's electric clocks, 182. 
■ telep-aph, 169. 

invention for sounding the sea, 102. 

Battery, electrical, 2jL 

thermo-electric, 145. 

Beccaria's observations of a thunder-storm, 

aa. 

Blasting rocks by electricity, 191. 
Boyle's theory of electrical attraction, UL 

CantonH discovery of induction, 21^ 

Charcoal, action of voltaic current on, 115^ 
Chemical affinity identical with electrical 

attraction, \2jL 
• suspension of, 122. 

Clouds, electrical condition of, 90. 
Coils of wire, multiplying effect of, 120. 
Conduction through liquids, KUL 

moist earth, 1-^4. 

Conductors, list of, 5h. 
Constant battery, 43^ 106. 
Contact-breaker, self-acting, 137. 
Cooke and Wlieat^tone*s electric telegraph, 
1G3. 

Copying electric telegraph, 170. 
Coulomb's determination of electrical 

laws, 2fiA 
— — ■ electrometer, 51. 
Couronne-clc-tas8es, OIL 
Crosse's account of a thunder-storm, M. 

water-battery, 1 15. 

Cuneus'ti discovery of the Leyden phial, 

11. 

Currents induced by secondary action, 
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Current, electric, a conventional term, 



Daniell's constant battery, 12. 

water-battery, 115. 

Davy's, Sir decomposition of the al- 
kalies, 3^ 

sheathing for ships, 2& 

Davy's electric telegraph, IfiS. 
Decopa position, electro -chemical) 12(L 

of metallic salts, 124i UJ. 

of water, 82^ L2L 

Definite electro>chemical action, 12&± 
Deflections of magnetic needles, 128. 
Deposition of metals, causes of, 177. 
Discharge, brush, 69^ 

glow, ZIL 

Dischargers, 7A. , 

Distribution of electricity on surfaces, 65* 

Diatributive discharge, 8^. 

Du Fay's discovery of two electricities, 



EARTH-battery, 184. 

Earth-circuit, IM. 
Electric light, LiiZ. 
Electrics, list of, 53. 

change of state in, 53. 

Electric clocks, 182, 

Electric discharge through the ground, 12. 
Electric shock, effects of, Zfl. 

it» imagined effects. l£j 

shocks, formidable ones given by 

Franklin, 12. 
Electric Telegraph Company, their plan 

of insulating, 15fi. 

batteries used bv, 1115. 

Electric time-ball, MS. 

Electrical attraction, phenomena of, 18. 

battery, Z4. 

induction, M. 

jack, 64. 

Electrical machine invented, IL 

, cylinder, fifl. 

, plate, 6iL 

, gutta-percha, fi3. 

■ machines, how to make, 149. 

Electricity, absolute quantity of, 125. 

in water, isis. 

— — excitement of, br animal volition. 
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Electricity, excitement of, by chemical ac- 
tion, ILo. 

effluent steam, 45,fl2. 

evaporation, 191. 

friction, 2, 23. 

heat, 40j IM^ 

magnetism, 35. 

— nature of unknown, &^ 

two kinds of, &L 

Electro-chemical decomposition, action of, 

definite, 12fi» 

Electro-gilding, 181. 
Electro-magnets, 123. 

their limited spheres of attraction, 

135. 

how to make, 132. 

Electro-magnetic engines. IflS. 
Electro- magnetism, ita discovery, Si. 

instantaneous communication of, 13fi. 

Electrometer, iiL 

, Coulomb's, £L 

Electrometers, how to make, 150. 
Electro{)horii8, 27^ 55^ IhiL 
Electro-plating, 180. 
Electrotype, discovery of, 44^ 175. 
process, 176. 

Evaporation, excitement of electricity by, 
Exciting liquids for voltaic batteries, 152. 
Falling stars, &1. 

Faraday's discovery of magneto-electricity, 
32. 

■ experimental researches, ll. 

experiuients with high-pressure steam, 

S2. 

new terms, IL 

Fire-alarms, IMj 

Fire-damp in mines, explosion of, 1^2. 
Franklin's, an unpublished letter of, 32. 

kite experiment, 22. 

suggestions for drawing lightning from 

the clouds, 21^ 

theory of the Leyden jar, 18, 73. 

Franklinian theory of electricity, oik 
Friction, excitement of electricity by, 2, 

47,23. 

Galvani's experiments, 2L 
Galvanometer, invention of, 38. 

construction of, 130,152. 

Gilbert's discoveries, 10. 

Glass, excitement of electricity by, 48^ fifl, 

Glyphography, 179. 

Graphite, used for voltaic batteries, D9j^ 1 05. 
Grey's discovery of conductors and non- 
conductors, 12. 
Grove's battery, 107. 

Guericke, Otto, his discoveries, LL 
Guttii-percha electrical machines, 63. 
Gymnotus, 146. 

IIeatino power of electricity, 29. 



Henley's magneto-electric telegraph, 166. 
Hiunaii body, electricity of the, 148. 
Hydrogen gas, evolution of, in voltaic bat- 
teries, si* 

Induced currents, 112. 
Induction, electrical, 54, 3L 
Inductive capacity, 5L 
, Inflammation by the electric spark, 62. 
Insulation of telegraph wires, 
Intensity, cause of increase by voltaic bat- 
teries, 102. 
Intensity of frictional electricity, £L 

Jacohi's discovery of electro-metalluigy, 
115, 

Jordan's electrotype experiments, 125. 

Lane's discharger, 22. 
Lateral discharge, 76^ 8L 
Lesarge's electric telegraph, 153- 
Leslie's quadrant electrometer, 22. 
Leyden phial, discovery of, 11. 

— jar, phenomena of, 2is 

theory of, 23. 

Leyden jars charged in series, 22, 
— — — — how to make, 150. 
Light from charcoal -points, 113. 
Lightning-conductors, QIL 
Lightning drawn from the clouds, 21. 
Local action in voltaic batteries, 1112. 
Lomond's electric telegraph, IfiO- 
Loss of electricity lu mixed telegraphic 

circuits, 157. 

Maonets, permanent, their spheres of at- 
traction, 134. 
Magnetic needles, deflections of, 128. 

• properties ot voltaic current, 123. 

Magnetising power of electricity, 22. 
Magneto-electricity, 39^ lift. 
Magneto- electric machine, lAL. 
Medical coil machine, 133. 
Metals, their relative voltaic powers, 23. 
Muschenbneck's experiments, 14. 

Needle telegraph, 1G4. 

Nervous influence, its connexion with 

electricity, 114, 148. 
New terms, Faraday's, 4jj |1Q. 

CEasTED's discovery of electro-magnet- 
ism, 36. 

Ohm's formula of resistance, 101. 

Physiological effects of electricity, 114. 

Pistol, electrical, 62i. 

Points, influence of, 6i. 

Poles of a voltaic battery, 1 10. 

Porous cells, lOGj IHS 

Priestley's statement of electrical theories, 

QuADJUM electrometer, 22. 
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